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’ : "characteristics of the ideal 

telegraph system 

1. accuracy . 

The ideal telegraph system must be accurate ; ^ that is, te 
delivered messages must correspond exactly to the, on B . . 
ing messages. * 

2 SPEED OF SERVICE 
The ideal sy stem must be capable of handling telegraph 

traffic with a minimum of delay. 

3. FLEXIBILITY 

The ideal svstem should possess a maximum ot exi i i y 
i; - in order to meet varying traffic and operating requirements. 

It should be capable of working over different kinds of lints 
and should not be permanently tied up with one type 
transmission system. 

4 LINE ECONOMY 

The ideal system should be capable of handling a maxi- 
mum traffic over a given line. 

5 OPERATOR OUTPUT 

In the ideal system the operator output should be as high 
as possible without overtaxing the human element. 

6. MAINTENANCE . _ ' 

The maintenance of the apparatus and equipment whic i 
o-o to make up the ideal system should be as low as possib e, 
but economies in maintenance should not resu t m cor 
ponding loss of economy in other directions. 

7. FIXED CHARGES . \ . - . ' 

The fixed charges, including interest on the investment and 

allowances for depreciation of the equipment, should be£S 
low as possible. As in the case of maintenance however 
economies in this direction should not be perm.tted to offset 
o-reater economies in other directions. 











OPERATING AND MAINTENANCE CHARAC 
TERISTICS OF THE WESTERN ELECTRIC 
PRINTING TELEGRAPH SYSTEMS 


1. ACCURACY 

It is gcnei ally conceded that mechanisms and machines 
more accurate 

most expert human operators 
why machinery is 


and dependable in their functioning than the 
Perhaps this is one reason 
today steadily replacing human effort in all 
branches of industry. Telegraphy is no exception. The best 
information available indicates that the undetected errors with a 
printing telegraph system are about one-third of the number 
with Morse key and sounder operation, and that of this one-third 
perhaps 9a% are operator or line disturbance errors, and are not 
chargeable against the printing telegraph system. .Machine ac- 
curacy is therefore^ of only secondary importance as compared 
with the accuracy of the human element since the latter cannot be 
entirely eliminated. In this respect perhaps the greatest factor in 
securing a high degree of accuracy is the time allowed the opera- 
tor for checking the received messages. The Western Electric 
system provides ample time for this operation and in addition 
possesses a high degree of machine accuracv. 


2. SPEED OF SERVICE 

Speed of service is important from two points of view. First, 
it hastens the delivery of a message on which no corrections are 
to be made. Second, it reduces confusion at both the sending 
and receiving end, and thus facilitates the making of corrections^ 
The total overall time or delay necessary for the preparation, 
transmission and reception of an average message (30 words) by 
the Western' Electric system is approximately one minute. The 
reasons for this exceptionally short delay will be found in the 
few operations which are required in the handling of the traffic 
and in the overlapping of these operations. As regards speed of 
service the Western Electric system is second to none on the 
market. - 

3. FLEXIBILITY 

The Western Electric printing telegraph system, which is in 
reality a number of systems or sub-systems, is particularly flex- 
ible in that all variations have • certain apparatus units in com- 
mon. Each system or sub-system is .particularly suited for a 
particular set of traffic conditions. Through all these variations 
of the system there is a certain sameness in apparatus and simi- 








iarity of circuits which tends to facilitate the matter of main- 
tenance and operation. Further, it is possible to combine a num- 
ber of these systems into one network so as to meet the special 
conditions and thus effect line economies not otherwise possible. 
In some cases circuits may be so combined as to provide for 
direct transmission of- traffic between two points where other- 
wise retransmission of traffic would be necessary, thus effecting 
a considerable labor saving besides reducing chance for error. 
The possibilities in this direction are almost unlimited. • Some of 
these combinations are explained in the following pages. 

4. LINE ECONOMY 

The code which forms the basis of the Western Electric sys- 
tem is a five unit equal letter code and is universally admitted 
by telegraph engineers to be the most economical, from a line 
transmission standpoint, for general telegraph transmission pur- 
poses. The reasons why maximum line economy can be obtained 
without a sacrifice in operator output are explained in the fol- 
lowing pages and are a direct outgrowth of the flexibility of the 
system. 

5. OPERATOR OUTPUT, 

The Western Electric system is so developed as to make it 
possible to secure maximum operator outputs without unduly 
pressing the human element. This results in enormous savings 
in the cost of labor. Just how this is accomplished to meet vari- 
ous traffic requirements is described in the following pages. 

6. MAINTENANCE 

The maintenance of the apparatus units, which make up the 
Western Electric system, is preventive rather than curative in 
nature. Periodic inspections and tests make it possible to give 
practically, uninterrupted service. Further, the design of the 
various units are such that the services of highly skilled mechanics 
are not required. Proper maintenance is quite as important as 
proper design, and this fact has been given special consideration 
throughout the development of the system. Specific informa- 
tion. and instructions are given regarding all adjustments so as 
to insure maximum margins of operation. In general, the 
cost of preventive maintenance will be less than- the cost of 
curative maintenance. The maintenance of the Western Elec- 
tric system is found to be a small item in comparison with the 
economies effected by the system. 

7 . FIXED CHARGES ' 

The requirement that these charges be kept as low as as pos- 
sible is inseparably tied up with the question of maintenance, 
operator output and line economy, since increased first cost may 







3 


[Unt 

1« 


tuini 


n 


[Blip 


fuller utilization 1 ° Ulput and a 

Wes.™ Electric print* 

wotZ SX “r^'tret VoZ^Z 

handle en tdeo-r°[ph and. systems which ’ wTll 

le.-.raph tiaffic at a minimum net operating cost. 


■Mil 31 


a 





1 


68 




n— warm iiTif 









M 


EFFICIENCY in T ELEGRAPHV 


im 


GENERAL DESCRIPTION 
Of Western Electric Printing Telegraph System 


The Western Electric Printing Telegraph System is in reality 
a group of systems or sub-systems each of which is particular y 
suited to a particular set of traffic and operating conditions.^ 
These systems are suitable for operation over open wire lines, 
or through cables, underground or submarine, of any lepgth, over 
which an electric relay can be operated satisfactorily. > In other 
words, these printing telegraph systems are readily adapted to 
any type of transmission. These various sub-systems provide 
facilities which can be used economically to handle traffic loads 
varving from 600 words per minute (300 in each direction) 
down to 30 words per minute in either direction. They pro- 
vide for transmission between two terminal stations or from one 
station to a number of outlying stations. This wide range m 
capacity for handling traffic is accomplished by varying the num- 
ber of operating sets instead of increasing the speed of operation 
of the individual set. This makes it possible to have all sets 
operate at a speed which it is found secures the maximum effici- 
ent of the operating staff. Thus it is possible to secure maxi- 
mum operator efficiency as well as maximum utilization of the 
line facilities. These sub-systems or variations of the big sys- 
tem are naturally divided into two classes— Multiplex and btart- 

Multiplex Systems are particularly well suited for. handling 
heavy traffic loads or moderate traffic loads over long and ex- 
pensive circuits. . . . 

Start-Stop Systems' are particularly well suited for long or 

short line work where the traffic load does not exceed 60 words 
per minute in each direction. The start-stop system is also well 
suited for intercommunication work, new distribution, etc., 
where the traffic load does not exceed 60 words per minute 
between any two stations or between any one station and all 
of the other stations. . 


Traffic Capacity of the Various Systems 

In actual practice it has been found that the maximum eco- 
nomic operator speed for public message business probably does 
not exceed 50 words per minute. This value has, therefore, been 
taken for computing the capacities of the various systems. 

Fig. 1 shows the capacities which the various multiplex sys- 
tems are capable of carrying over a single wire. The wire facih- - ‘ 
ties are illustrated as a straight line connecting cities X ^and 
“Y.” This line represents a single wire which may be a physi- 
cal circuit or a derived circuit. “A” illustrates the traffic facili- 
ties when each end of the above line is equipped with a Z-A 
multiplex terminal equipment. Each arrow indicates a traffic 
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channel of 50 words per minute capacity in the direction indi- 
cated. Hence the total traffic capacity of the line so equipped 
is 100 words per minute. ihe maximum corresponding fre- 
quency of ^ the line signals is 25 cycles per second. Likewise “B,” 

C and U ’ show the traffic capacities which are available if 
each end of the above line be equipped with a 2-B, 2-C or 2-D 
multiplex terminal equipment. The total traffic capacities and 
the coi responding line frequencies are shown in the column at 
the. i ight. E and F illustrate the traffic capacities of equipment 
which can be furnished although none of these equipments are 
at present in actual commercial service. Field tests hav4 been 
made which demonstrate the practicability of operating this num- 
ber of traffic channels. 

Bird’s-Eye View of the Multiplex 

big. 2 shows diagramatically the arrangement of the apparatus 
required to provide a traffic carrying capacity of 400 words per 
minute; 200 in each direction between cities" "X” and “Y.” In 
this particular case the operation is secured over a derived cir- 
cuit. the two wires being simultaneously used for telephone pur- 
poses. Further, the distance between the two cities is such 
that it is thought desirable to interpose a repeater midway. The 
equipment shown at each end consists of 4 printers, marked P 1} 
Po, etc., and 4 transmitters, T, all of which are connected to 
segments of a distributor or commutator. The commutators at 
the two ends of the line are maintained in synchronism. Dur- 
ing each revolution of the brushes “E” of distributor “D”‘ the 
signals, which correspond to one letter of four messages in trans- 
mittci s d ,, To, To and T,. are sent to the line. These signals 
pass over the line through the repeater “W” and operate the 
relay P,. This relay repeats the signals to the distributor D,, 
whose brush E, distributes the signals to the printers P,, P.,, P 3 
and P„ so that the printer P , reproduces the message sent by 
transmitter T,, printer Po the message sent by transmitter T,, 
and so on. The operation in the opposite direction is accom- 
plished in exactly the same manner as that just described, the 
transmission in two directions being accomplished by means 
of the duplex balance. 

The equipment at one end of this line is designated as a 2-D 
multiplex terminal equipment, and consists of one 2-D multiplex 
distributor set (Fig. 3) and four 2- A multiplex operating sets, 
one of which is shown in Fig. 4. Referring to Fig. 4, the send- 
ing operator is normally seated in front of the keyboard at the 
right (designated 2-A perforator) and writes out the message 
on the keys. The operation of these keys causes the perfora- 
tion of holes in a paper strip which is emitted at the left of the 
machine. This tape then passes through the transmitter (1-B). 
This transmitter translates the perforations in the tape into posi- 
tive and negative impulses and through the distributor 2-A (see 
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Fig. 3) sends the signals to line. These signals',; 'o^rivifcg'-at^ 
the distant end of the line, operate a relay, which in' conjunction 
with another 2-A distributor passes them on to the printer 1-B 
(Fig. 4), which translates the combination of positive and nega- 
tive impulses to the corresponding letter and prints it on the 
paper in the machine. Thus, from each operating set (Fig. 4) 
we have an outgoing traffic channel and an incoming traffic 
channel. The messages are printed by the printer in column 
form on a roll of paper 8 ^ 2 " wide, and may be torn off after 
each message is completed. 

The apparatus units of the operating sets are connected to 
the table wiring by clip connections which facilitate the removal, 
of apparatus units for ' inspection and test. 


Provisions for Increased Capacity 

Referring to Fig. 1, it will be noted that the traffic capacity 
for a line equipped with 2-A multiplex terminal equipment is 
one-half that obtained when equipped with 2-B multiplex termi- 
nal equipment, whereas the line frequency is the same in each 
r-' ' •• » t l-i- r the equipments are the same 

except that in the 2-A only one operating set is furnished. For 
this reason the use of 2-A multiplex terminal equipments is not 
recommended, except where there is good reason to suppose 
that the traffic will soon exceed the capacity of the 2-A. After 
a 2-A equipment has been installed it is only necessary to install 
an additional operating set in order to convert it into a 2-B. 
2-A and 2-B equipments can likewise be converted into 2-C and 
2-D by adding operating sets and making certain changes in the 
distributor set. The system therefore readily lends itself to 
gradual or abnormal expansions. 


Start-Stop Operating Set 

Fig. 5 shows a start-stop operating set. This set may be op- 
erated at speeds up to 60 words per minute either single or 
duplex. It may be worked with single or double battery, as re- 
quired. When operating single the printer in front of the opera- 
tor produces a home record of the messages sent. The opera- 
tion of the set is very similar to that just described. This set is 
complete in itself in that its distributor is mounted on the table. 
Further, the table provides for only one operator. Working 
duplex it has been found that a single operator can handle both 
sending and receiving at speeds up to 35 words per minute, thus 
giving a very high operator output. In case it is desired to op- 
erate the set at a higher speed in order to handle traffic without 
delay at times of peak load the operator may be given assistance 
in the matter of handling incoming messages. 

Start-Stop Circuit Combinations 

Fig. 6 illustrates some of the circuit combinations for which 
this set is particularly suited, and also shows the traffic facili- 
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ties which they provide. For example, “A” illustrates a single 
wire between cities X and ’ Two of these start-stop op- 
erating sets installed at the ends of this line would provide, if 
operated simplex, a capacity of 60 words per minute in either 
direction, or if operated duplex, 60 words per minute in each 
direction simultaneously. “B” shows a number of cities “S,” 
"T,” “U,” “V,” ‘‘W,” each of which might be equipped with 
one of these sets to form an intercommunicating system whereby 
messages sent by any one will be received by all the others. This 
makes a very flexible system for news distribution 1 ' where the 
quantity of traffic does not exceed 60 wrnrds per minute, since 
it provides means for the various out stations to talk back in 
case the necessity arises. For example, let us assume that “S” 
is normally the new-s distribution center. Normallv “T ” “U ” 
“V, “W” would only use a sending equipment to acknowledge 
receipt of items. However, “V” might suddenly become an 
important neves center as the result of some unusual happening 
or disaster. The system makes it possible for “V” to send its 
report to all stations. The combination of cities shown at “C” 
could be equally well served by this system. In case it is not 
desired to equip the out stations with means for sending, the 
keyboard is omitted and a cover is provided for covering up 
the terminal clips, wdrich would otherwise be exposed. Further, 
these sets are furnished for tape or direct keyboard sending, 
and for tape and direct keyboard sending. In direct kevboard 
sending the operation is similar to that described for the 2-A 
operating set except that the depression of the key determines 
the impulses which are to be sent to line instead of determining 
the combination of holes to be punched in the paper tape. In 
installations of the type illustrated in “B” and “C” (Fig. 6) 
it is not uncommon to equip station “S'” with a table arranged for 
both tape and direct kevboard transmission, whereas the out 
stations “T,” “U,” “V.” “W ” “X.” “Y.” “Z” are equipped for 
only direct kevboard transmission. 


Selective Calling- of Gut Stations 

Referring again to “B” and “C” of Fig. 6, it is possible to 
equip these out stations “T,” “U,” “V,” “W,” “X,” “Y,” “Z ” 
with selected apparatus which will enable the sending station 
“S” to determine which stations shall receive the message which 
the operator is about to send. 

Extension of Multiplex Arms with Start-Stop Equipment 

In addition to the variations discussed above, shown in Figs. 
1 and 6, there are possibly many others which may be capable 
of effecting considerable economies. Some of these are purely 
variations of the multiplex while others are combinations of 
multiplex with start-stop. For example, it is possible to ex- 
tend the arms of the multiplex by means of a start-stop circuit. 
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_Por example (see Fig 7) let us take the case of two cities, X 
and “Y.” Let us suppose that during the busy hours of the day 
the traffic is sufficient to warrant the installation of 2-D mul- 
tiplex terminal equipments, providing a capacity of 200 words 
in each direction. The equipment at each end of the line would 
consist of one 2-D multiplex distributor set and four 2-A multi- 
plex operating sets as shown. Suppose, further, that it is found 
that of the traffic between “X” and “Y,” one-quarter of it is 
between “X” and “Z,” “Z” being a third city in close proximity 
to “Y.” One of the operating sets “C” at “Y” could be replaced 
by an extension set which would permit a start-stop set “C” at- 
“Z” to work directly with operating sets “C” at “X” and thus 
eliminate retransmission of all messages between “X” and “Z.” 
The arrows, therefore, indicate the traffic facilities between these 
cities “X,” “Y” and “Z” This extension of the arms of the 
multiplex can be carried to the point where all arms are ex- 
tended at each end. Another example is shown in Fig. 8, to- 
g-ether with an illustration of the traffic facilities afforded 
thereby. 

Forking Multiplex Circuits 

Fig. 9 illustrates the means for combining multiplex circuits 
to secure maximum utilization of line plant. For example, “A” 
(Fig. 9) shows cities “X,” “Y” and “Z.” A single wire be- 
tween “X” and “Y” and between “Y” and “Z” can be arranged 
to provide the traffic channels as shown. “B” shows another 
combination where cities “ X ,’ K “Y,” “Z,” and “V” are connected, 
three wires radiating from “Y” to cities “X,” “Z,” and “V.” A 
special distributor repeater installed at “Y” makes the traffic chan- 
nels illustrated available and repeats the signals from the three 
outlying cities to their respective destinations without distortion. 

If traffic considerations warrant, the extension of arms shown 
in Fig. 8 may be applied to the arrangement shown in Fig. 9. 
These figures serve to show the flexibility of the system. It is 
very likely to suppose, particularly in countries where important 
lines are in cable, underground or submarine, that this inherent 
flexibility may be used to effect large economies. Just how far 
it can be carried when used on open wires which are more or 
less subject to interruption has not yet been determined. This 
flexibility is effected, due to the design of the apparatus, without 
undue loss of time in the lining up of the distributors. 

Economies Resulting from Flexibility 

The economies which may be effected as the result of this 
available flexibility are as follows : 

1. Line economy in that traffic facilities can be provided be- 
tween cities without the necessity of adding additional 
wires. 











2. Labor economy. This results because it is possible to pro- 
vide direct transmission between cities and thus eliminate 
retransmission, of traffic. It is thought that enormous 
economies could be effected from this consideration alone. 
Still further advantages are secured by the decreased 
chances of error and the increased facility with which the 
traffic is moved. 

• Code 

In any printing telegraph system the question of alphabet or 
code is one of prime importance. The Western Electric system, 
or systems, utilizes an equal letter or five unit code which is 
a modification of the Baudot code. Combinations which make up 
the various signals are shown in Fig. 10. Besides being particu- 
larlv well adapted to the use of the multiplex principle, which 
is explained below, it is also the most economical as regards 
line time, fn comparison with the Continental Morse code it 
compares as 9 is to 5. That is. if a given line will transmit 50 
cycles per second. This code will transmit 20 letter signals 
whereas the Morse can transmit only 11.1 per second. 

Multiplex Principle 

For the purpose of explanation we will describe the quadruple 
multiplex. This is the type of transmission secured by the 2-D 
multiplex terminal equipment already described and illustrated 
in Fig. 2. Further, we will describe the transmission in one di- 
rection. since the transmission in the opposite direction is ex- 
actlv similar, being accomplished by means of the duplex bal- 
ance. Fig. 11 shows the rings of two distributors, o;ie at sta- 
tion “X” and one at station “Y.” Each commutator is divided 
into 4 sectors of 5 segments each. Station “Y” is the sending 
station and station “X” the receiving station. At “Y” the seg- 
ments are connected to switches which determine whether the 
line should be connected to battery or ground. At “X” the seg- 
ments are connected through relays to ground. It will now be 
seen if the brushes of these 2 distributors start at the same 
point and rotate in the same direction at the same rate of speed 
that when brush “E” is on segment 1 brush El will be on seg- 
ment 1'. If at the time brush E is on segment 1 the switch 1 
is raised to make contact with the battery circuit, current will 
flow from the battery through this switch to- No. 1 segment, 
through brush E, over the line, through brush El, segment 1', 
through relay 1' to ground, causing this relay to be operated. 
What has been said of segment 1 is equally true of the other 
segments. Hence it is seen that with each revolution, the brush 
E sends out four 5-unit signal combinations. In the actual ap- 
paratus the positions of the switch lever 1, 2, 3, 4, 5 are de- 
termined by the perforations in the tape and the perforations 
in the tape in turn are determined b> r the perforator key de- 
pressed ; hence 









corresponding to the perforations in the transmitting tape At 
the receiving station these 5 relays V, 2', 3', 4', 5', determine the 
setting ot a mechanism which causes the letter corresponding 
to the combination to be printed. The matter of maintaining 
these 2 distributors which may be separated thousands of miles 
m absolute synchronism, is an important requirement. The' 
means employed in the Western Electric system, however has 
been demonstrated to be highly satisfactory in this respect. * The 
synchronism maintained is so good that even when ’operated 
t rough a number of repeaters over lines subjected to interfer- 
ence sufficient to badly mutilate the signals, no marked differ- 
ence in the synchronism is observed. Further this synchronism 
is obtained without any sacrifice of line time since the signals 
themselves hold the distributors in synchronism. 

Synchronous Repeaters 

Synchronous repeaters have been developed which have a verv 

that^hl a f age ° Ver the USUaI && of duplex repeater in 

dltortion ThhT rese f nerated and transmitted free from the 
• ’ d“ ese repeaters are maintained in synchronism hv- 
means similar to that used for mantaining synchronism between 

servadoTin ^ distributors _ °f the multiplex. An interesting ob- 
servation in this connection is when operating through a num- 

termhf 1 •.J' epeaters m senes > the synchronism between the 
terminal distributors is not made less stable. Further that this 

condition exists even when the signals in the various sections 

tn th, G me are ™ tllated b y induction or from other causes 
-,i 6 pom ^ which makes telegraph transmission impossible 
without considerable reduction in speed. possmie 
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[ DESCRIPTION OF APPARATUS 

Multiplex Distributor and Driving Fork 

Figure 12 shows the 2-A distributor which consists of a com- 
mutator face with the revolving brush arms. The brush arms 
are carried by a shaft driven* by a LaCour or phonic wheel 
motor. At the far end of the shaft is mounted a mercury fly- 
wheel which serves as a damper to prevent hunting or oscilla- 
tion of the motor. 

Figure 13 shows the electrically driven tuning fork. The func- 
tion of this fork is to provide impulses for driving the distribu- 
tor. The speed of the motor is determined by the rate of vibra- 
tion of the fork which possesses a high degree of constancy. 
This fork and the distributor of the type shown in Fig. 12 are 
used in the multiplex systems and for synchronous repeaters. 

Start-Stop Distributors 

Figure 14 shows the 5-A distributor. This differs from the 
multiplex distributor 2-A, shown in Fig 12. in that it is driven 
by an ordinary direct current shunt motor, the speed of which is 
accurately controlled by a sensitive governor. This distributor 
a as two faces, the receiving face on one side and the sending 
on the other. In its operation this distributor differs from the 
2-A in that its brush arms are not constantly rotating with the 
motor shaft. Tn this case, the brushes are connected to the 
shaft through flexible couplings and are maintained stationary 
bv a stop controlled by a magnet. The operation of this magnet 
withdraws the stop and permits the brush to make one complete 
■evolution. While this results in a certain loss of line economy 
n that the code virtually becomes a seven unit code, it possesses 
:he .advantage that it permits of intercommunication. 

It is the starting and stopping of the brush arms which gives 
:he distributor and system its name “Start-Stop.” 

Perforator 

Fig. 15 shows the perforator. This apparatus is provided 
with a keyboard similar to that of a standard typewriter. The 
operation of keys determines the selection of punches which will 
be operated to perforate the desired combination in the tape. 

Fig. 16 shows a sample of the tape, each series of cross-per- 
forations representing a signal character. Below each perfora- 
tion is written the character or function corresponding to that, 
particular combination. A back space key is provided which 
permits the operator to make corrections in the tape. 

Tape Transmitter 

The tape transmitter is shown in Fig. 17, with a piece of tape in 
position. This is the instrument which translates the combina- 
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I . of perforations into combinations of positive and negative 
I W ?! rents As the tape passes through the transmitter, five pin 
1 filers feel out the tape. These pins in turn control five levers 
I ch are connected to five segments in the sending ring of the 
I iMributor. These levers make contact with positive or nega- 
tive battery as the corresponding feeler pin finds a perforation 
r or no perforation. 

Printer 

The 1-B printer and its associated 1-A relay box are shown 
in Fi°\ 18. It is also shown on the multiplex operating set 
jn pio^ 4. In the start-stop operating set, Fig. 5, the same printer 
is used but the 1-A relay box is not used. The printer is one of 
the movable paper carriage type. A sample of the message pro- 
duced is shown in Fig. 19. Printing is accomplished by forcing 
the paper against the type wheel. This type wheel is mounted 
on a shaft which is maintained under constant torque by a 
sprin°\ When a letter signal is received the type shaft is re- 
leased and the wheel revolves until it engages a stop which 
brings the required letter in front of the paper. Buttons are 
provided which make it possible for the receiving operator to 
feed up the paper or return the carriage at will. Messages are 
torn off just above the glass window on a steel cutting e d§f e - 
A small crank is sometimes furnished at the left hand end of 
the printer to permit the operator to feed up the paper more 
rapidly The tvpe of message form shown has an advantage of 
economy in paper. It has a further advantage that only one 
piece of paper is required per message, regardless of the lengt 
of the message. 

Auto Control 

The auto control, Fig. 20, is an auxiliary piece of apparatus not 
fundamentally required in the- Multiplex System, but w ic 
serves two very useful purposes. First, it automatically stops 
the feeding of the tape through the transmitter, providing, the 
perforator operator does not produce the tape as fast as ^ 1S 
required. It thus allows the tape to be fed directly from the 
perforator. Second, it serves to send the special signals re- 
quired to operate the bell on the distant printer without remov- 
ing the tape from the transmitter, or mutilating the message that 
is being transmitted. Fig. 20 also shows the c ip connec ions 
- used on the Western Electric Multiplex apparatus. 

Facilities for Maintaining Equipment 

With each multiplex terminal equipment there is usually fur- 
nished a test table shown in Fig. 21. This table is equipped 
with a complete set of apparatus, including perforator, trans- 
mitter, printer and auto control. The table is also provided 
with a test distributor, which makes it possible for the mam- 
tainer to simulate operating conditions and thus test and a 
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jusf the various appanms units. This arrangement makes 
possible to install regular inspection routine. For example at 
intervals each piece of apparatus is taken to the test Sde and 
replaced by a similar piece of apparatus taken from the test 
table 1 Ins work is also facilitated by the fact that these ap- 

table ” connections t0 b b* operating and test 

P ower Supply 

designed to tp'e'rtte'ot fl T" tele « ra f> h apparatus is 
;F , operate on 110 volt direct current, but considerable 

a tent.cn has been paid m the design of this apparatus to allow 
0 goo operation and voltages varying from 90 to 125 volts 
In installations, which consist of only one start-stop set or a 
2-A multiplex terminal equipment, a current capacity of 3 am- 
peres would be suit, cent for proper operation, but owing to the 
extra current required for testing, table lamps, soldering irons 
etc., it has been found advisable not to have a capacity of less 
t lan 6 amperes tor any single installation, with a proportionate 
increase for installations of more than one set. 

Western Electric Printing Telegraph Apparatus 

The following tables give the apparatus required to make up 
the various printing telegraph sets. P 
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TABLE 1 

COMPOSITION OF MULTIPLEX TERMINAL 
EQUIPMENTS 


Amounts Required for 
Complete Equipment of One Te 
.A 2-B , 2-C 

Multiplex Multiplex iMultiplex 
Terminal Terminal t Terminal 
Equipment Equipment Equipment 
Single Double Triple 


Designation of Composition Sets 

Multiplex Distributor 

Double 

2-C Multiplex Distributor Set ' 
--D Multiplex Distributor 

Quadruple 

2-A Multiplex Operating Set. . 

2-A Multiplex Local Set 

Set of Printer Tools 

Set of Spare Parts 

Set of Sta tionery 

Maintenance Instructions 

Catalog of Parts 


TABLE 2 

COMPOSITION OF MULTIPLEX 
DISTRIBUTOR SETS 


Number of Units 
Required for One Set 
2-C 

c Multiplex 
>r Distributor 
Set 
Triple 


Transn 


2-D 

Multiplex 
Distributor 
Set 

Quadruple 
1 

1 triple 1 quadrupl 


Designation of Units 

2-C Distributor Table 

2-A Distributor 

1 -A Driving Fork 

210-A Relay (Polar) 

Combination Condenser 

No. 7551 Quad. Rheostat.. . . i 7 

W 50 t 0- n 50 IOdel N °' 264 Mil " Amm eter 1 

^1 7 5 - 0 - l^iP ^ No." 264 Mil - A m me t er 1 1 

1-AUndulator 1 ^ 

Sets of Units for Vibration Circuits. . . 1 1 

The last two items are furnished only in special cases 


Compo; 
Opera ti 
Operati 
Copy 1 
Relay 1 
Distrib 
Distrib 
Distrib 
Telegra 
Printer 
Silencei 
Clip Cc 
Perfora 
Keybot 

Telegr; 


1 double 



TABLE 3 

COMPOSITION OF THE MULTIPLEX 
OPERATING AND LOCAL SETS 


Name and Code of Units 

1- B Operating Table. . . 

2- A Perforator 

1-B Transmitter 

1-A Auto Control 

1-B Printer 

1-A Relay Box 

1-A Telegraph Test Set. 
1-B Test Table 


Number of Units 
Required for One Set 
2-A Multiplex 2-A Multiplex 
Operati ng Sets Local Sets 
1 0 

1 1 

1 1 

1 1 

1 1 

1 1 

0 1 

0 1 


TABLE 4 

COMPOSITION OF START-STOP SETS 


Code Designation 


Transmission 


5-A 5-B 5-C S-D 5-E S-F 

Private Private Private Private Private Private 
Tele- Tele- Tele- Tele- Tele- Tele- 
graph graph graph graph graph gr.tph 

Set Set Set Set Set Set 

Tape and Keyboard Receiving 

Keyboard Only Only 


graph gr.iph 
Set Set 
Receiving 
Only 


Speed Range Words per min. 
Component Units ( 


Distributor No. 5-A 

Distributor No. 5-B 

Distributor Cover No. 5-A 

Telegraph Transmitter No. 1-B.. 

Printer No. 1-B ; 

Silencer No. 5-A 


Perforator Transmitter No. 5-A. .. . 110 0 0 

Keyboard Transmitter No. 5-B 0 0 1 10 

Telegraph Relay No. 24-B and Relay Cover No. 5-A are included in special cases. 
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40 

25 
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to 
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to 

to 

50 

60 

50 

60 

50 

60 

;s of Apparatus required for one se 
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1 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 
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1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 
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1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

1 
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1 

1 

1 

1 

1 

1 
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CHAPTER I 

Introductory — The elementary printing telegraph— Time and space signals — 

Space signalling telegraphs — Selective methods — The step by step system 
— Telegraph alphabets based on principles of numeration — The five-unit 
alphabet- — The three-unit alphabet — Methods of telegraphing three- and 
five-unit alphabets — Collection and distribution of time signals — Signal 
storage — The locked keyboard — The cadence signal — Translation of time 
into space signals — Multiple operation — -Types of signalling impulse — 

Cable Morse — Landline Morse — Stenocode- — Necessity for double-current 
* working — Disadvantages of two-power method of signalling — Eight-unit 

and eleven-unit alphabets — Comparison of equal and unequal letter 
alphabets — Order of frequency of letters in different languages — General 
principles involved in the composition, transmission, reception, and 
translation of a printed telegram. 

One of the most striking facts revealed by a complete survey of 
the art of printing telegraphy is the enormous amount of ingenuity 
devoted to invention while telegraphy was still an art in embryo. 

This at once arouses the student’s admiration and his regrets 
for the unrewarded work of those who have gone before us. 

In this quickly moving age it is not uncommon to see an entirely 
new art spring up in a few years from the position of being an 
interesting curiosity, the product of the scientist’s laboratory, to a 
highly developed commercial stage, involving millions of invested 
capital, and employing thousands of people in its development, 
manufacture, and exploitation. 

Wireless telegraphy will readily suggest itself to the reader as 
an example of this tendency. 

Printing telegraphy, on the other hand, is only becoming an 
industry alter most inventors’ rights have ceased. 

Printing telegraphy owes its present position very largely to 
the pioneer work of Jean Maurice Emile Baudot, an officer of the 
French Telegraph Service, who practically devoted the whole of 
his life to the development of the system which bears his name. 

The Hughes’ Printing Telegraph, developed during 1855-1863, \ 
was widely used, prior to the advent of the Baudot, on all important ' V 
lines in Europe ; but the last ten to fifteen years has seen the Baudot . 
and other equal letter systems making their way steadily in all 
countries of the world. This is almost entirely due to the employ- : 

ment of the five-unit code, the shortest practicable code for land 
lines. Thus the utmost possible use is made of the transmission 
capabilities of the line, since not only are the letters short with 
respect to line time, but no space element is necessary between 
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printing telegraph systems and mechanisms 


letters m an equal letter code'. The “ 

alphabet leads also to Simplicity Bauc | 0 t secures convenient 

The mnltipie prmciple adopted bjr ^c and gt the same time 

methods of handluig^idd^ribu hanisms being com- 

paratively low— four to le cycles a .f e c0 ^ lt S 'principle were in- 
P Neither the five-unit code nor the fo ? telegmphy 

vented by B * U ,£?V • wa s used by Whitehouse (i 853 -;i 8 54 ) - 

Multiple channel working by d m0 re ple te pro- 

{-g-^fS&^SSa 1 ^. cadence *- 

“ SlS’SSwaeperfecHy rfgf 

and combined them, producing P nothing more than this he 
printing telegraphy. If he ^ ^are of the credit in the evolution 
would still be entitled to th ® J‘° H J telegraph ; but m point of fact 
of the modem muUip'ex prmtmg a num ber of ingenious 

he did a great deal, more. H nv.^ d met hods of maintaining 
" translators ’ i. el v situated rotary pagans and he 


letters in 
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it stands on the shelves oi me — i- 

*" '{St, the following particulacs of^ his caceer^fcom^a^pap^^ 

entitled "The Baudot Telegraph Syst ^ ff ^ Bectr ical Engineers 

„4to.907Wo»tl»to l "SJ l ‘ n 0 1Sfcr«iU., >»45. »'nl 
Baudot was bom at Mugup . | u i v x 6 th, 1870 . In 1872 
tered the French Telegraph Serv 15 °p J . printing telegraph with 
„„ j„.,,,ca,,rprl to combme the FLugn P „/iThtprl the code of 


reaain iyv/ — - M 0 n bepiemuci utn, 7“’ 

Baudot was bom at Mugup . | u i v x6th, 1870. In 1872 

entered the French Telegraph Servic J, y j ti „ telegraph with 

he endeavoured to the code of 

the multiplex system of iMeyer tioyi , produced in 1874. 

Gauss anS Weber. His e ' cct " ca ‘ J^^ v hi Tn to dcvel 0 p his ideas, 
Baudot's means f er t hlTnventionto the French Administration. 

the first trial took place that year. A q 1 d ' He devoted the 

and in 1877 the system was official y of his invent on - 

whole of his time and energy to themig extent that h e had to 
Sl“he .0 him at the Internal, onal Ea- 

promoted 

ifiCaTe^"^™^ .88a, and died on March . 8 . 1 . 
■n is no. too much to say tt.t UjU 
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escapements used in some special makes of typewriter saw th 
for the first time in one of Baudot’s early patent specifications. 

One could go on multiplying examples of this character, but 
perhaps the most striking is the Rowland printing telegrapl 
. The Rowland translating device was identical in principle 
electrical translator which Baudot invented in the early stages of 
his development work. Rowland adopted page printing in place 
of tape, and the duplex balance to secure two-way working. Baudot 
always kept to the simple tape printer, but was the first to suggest 
the application of the duplex balance to equal-letter multiplex 
systems, which he did in his British Patent Specification 436 of 1882. 

If Rowland had copied Baudot in his choice of an alphabet his 
system would possibly have had a longer life. 

The Murray Automatic System, a high-speed one-channel printing 
telegraph, emerged 1899-1901, and about the same time Siemens 
and Halske brought out an automatic system, using the Rowland 
alphabet and photographically recording the signals. 

The Buckingham Automatic System appeared 1900-1902. 
1003 saw the “ Autoplex,” a multiple system designed by Murray. 
This was the forerunner of the modem multiplex, providing for 
page printing, keyboard perforators, automatic transmitters, and 
automatic stop and start, while two-way working was secured by 
the duplex balance. 

The high-speed Morse code printer, invented by Creed, had 
already appeared, and the period 1899-1905 may be termed the 
Renaissance period of printing telegraph invention. 

The foregoing is a brief record of the steps in the evolution 
towards the modem high-speed printing telegraph, and the in- 
numerable details which have been added to the skeleton formulated 
by Moses Farmer in 1853 and carried further by Burnett in i860 
will appear as the reader proceeds. 

The mechanism employed in any given system of printing 
telegraphy will be found to consist of a combination of known parts, 
arranged in a manner to some extent depending upon the code used 
to differentiate the various letters from one another. 

The simplest form that a printing telegraph can take is that 
diagrammatically indicated in Fig. 1. Two stations, A and B, are 
connected by a line wire L. A transmitter key K is adapted when 
depressed to connect an earthed battery to the line. At the receiv- 
ing end an electro-magnet, PM, when operated, moves a paper tape 
against a revolving inked type wheel TW, on the rim of which the 
letters of the alphabet, figures, and other signals are provided in 
the form of raised type surfaces. The letter opposite the tape at 
the moment the magnet is operated is thus imprinted. The correct 
selection of the letter depends upon the transmitting key K being 
actuated at the right instant of time, during a single revolution of 
the type wheel at B. To ensure this an indicator disc or a similar 
type wheel is provided at A. The two wheels must also run at the 
same speed and be in phase, i.e. occupy the same position in space, 
that is, they must be in synchronism with one another. In practice 
the type wheel at the receiving station will have to be adjusted from 
the theoretical position by a slight angle, and in a direction opposed 
to that of rotation, due to the fact that a small but measurable time 
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Tv,ct^ S(;Ur ^ anC j S r a f ect - t * le , two C0U P led c i rcu *ts equally or approxi- 
mately so, and false signals arc eliminated. Also, the relay does 

condition* 16 blassing to space ’ but can be set in its most sensitive 

Quadruple duplex transmission and reception has been carried 
liliTk i 11"“, separate receiving and transmitting aerials 
employe? ^ meS aS IS standard dll plex wireless practice, being 

T be Siemens and Halske high-speed automatic has also been 
successfully used for wireless traffic at 600 letters per minute 
All these experimental trials have revealed that the necessary 
d^TH h r, 0nlSm ca ?. be maintained even with prolonged atmospheric 
ui c tU ^ ban u Ce or jamming,” false letters only being caused. 'Fraffic 
ba ® ™-° + e6 n ? arned on between London and Berlin at 300 letters 
per mmute between 3 to 8 p.m. daily with a 5 KW valve trans- 
nutter at Koemgswusterhausen and an arc at Stonehaven. 

the valve amplifier makes it possible to use any form of printer 


Kir,. 38O. 

fivemffif system Creed Working is possib,e with the same ease as the 

The. five-unit systeni has an apparent advantage over Morse in 
that ,t is practically impossible to lap it. The would-be hsfene? 
Mould have to synchronize Ins apparatus, and would be minus the 
Fhase meanS f ° r aSCertalnlng whcn he is coming in or going out of 

When wc can be sure that radio methods can be applied as 
successfully as land lines or cables to the telegraphic traffic of the 
world, the machine telegraph can supplant manual methods as 
readily as it does so at present with wire communication 
F T Brnw^VR p In ? p f ial Telegraph Communications,” read by 

of l C niii bef ° rU tbe J .f'? gra P h and Telephone Society 

of London on October 17, 1921, it is stated that the capital cost 

a pal ^ °f long-distance wireless stations is considerably Fess than 
that of a cable, d lie rate of depreciation and the engineering cost 
of working is greater, and it still has to be proved tlfat the Ihole 

the other 1 " 1 " 1 eXpenseS are ver T much Iess ™ the one case than in 

Prolonged disturbance is the bugbear of long-distance radio 
communication. So long as high speed transmission is only possible 


BRITISH POST OFFICE MULTIPLEX SYSTEM 


for a fraction of the twenty-four hours, so that the average rate of 
transmission is lower than that of a trans-Atlantic cable worked 
by modem methods, cables will continue to be laid. When the 
loaded cables at present projected are laid, and provided that they 
come up to expectations, transoceanic radio links will fade into 
the background, unless the large and ever-growing band of workers 
in this field solve the problems of rendering them immune to dis- 
turbance. It is interesting to note how the two branches of the art 
of communication re-act on one another. The intrusion of radio into 


the long distance field has put the cable engineers on their mettle, 
and the loaded cable is likely to result. We can expect that its 
arrival will still further stimulate research work in radio circles. ' 

If only disturbance could really be overcome, radio communica- 
tion would offer solutions in the disposal of the world’s traffic far 
in advance of those rendered possible by fixed or invariable links. 

The British Post Office have, during the last few years, extended 
the use of the Baudot to their inland trunk telegraph circuits. 

The main differences between the British and the French 
systems are those of methods, the apparatus, except for slight 
variation of details, remaining the same. 

Due to the stability of the English trunk wires, duplex working 
is adopted, whereas in France, except for one or two Anglo-French 
wires and the Mediterranean cables, simplex working is invariable. 
Duplex working doubles the capacity of a circuit, while it also 
obviates the need for propagation contacts, thus saving from 10-15 
per cent, of line time. Fig. 387 sets out the main details of a 
quadruple-duplex circuit arranged on British Post Office lines. 
It hardly requires any explanation. Outgoing signals pass from 
rings R 2 and R 5 through switch S 1 to the differentially wound 
line relay. A branch circuit is taken through a leak resistance LR 
and leak relay LK.R, the latter repeating via rings R 1 and R 4 
to a set of r ‘ control ’’ printers. Incoming signals are repeated 
by the line relay to the receivers shown at the right of the diagram. 
A branch circuit is taken through S 2 and a resistance to a Wheat- 
stone receiver and sounder. S 2 enables outgoing signals to be 
checked when required, while a Morse key can be introduced by 
suitable manipulation of S 1. 

The British Post Office have also introduced duplex-echelon 


1 ne rsritisn l ost uince nave also introduced duplex-ecnelon 
or “ split-duplex ” circuits, and have carried the multiplex principle 
as far as sextuple duplex. Correction is generally effected on the 
Baudot plan, but phonic wheel motors with speed correction have 


been in use for some time. 

The substitution of keyboard perforators for the usual manipu- 
lator is about to commence, due to the ingenious solution of the 
Baudot perforator problem effected by Messrs. Booth & Willmott. 

As has been previously pointed out, the assignment of letters 
and figures on the Baudot printer does not agree with that of the 
Universal Keyboard. With the ordinary typewriter Q and 1 
appear on the same key, and represent the upper and lower case 
characters assigned to that key. On the Baudot printer 1 is the 
inversion of A. If we wish to retain the universal keyboard, 
we must arrange that when a shift is made from either case to the 
other, the appropriate letter signal combination is made. 
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effected by the position of frame F, which is shifted to the left or 
the right by the letter or figure keys, which act on the two teeth 
shown on the upper edge of the frame. 

When a key is operated it depresses a certain combination of 
the tee levers, and their ends act on bell cranks BC, withdrawing 
the distance pieces DP. A contact (not shown) is closed, and the 
punch hammer PH acts on those punches whose distance pieces 



have not been withdrawn. Fig. 389 shows the two sets of teeth 
corresponding to the key controlling characters Q and 1. If figure x 
is to be punched, the bars will be in the " figures^’ position, and bars 
2, 3, 4, and 5 will act to withdraw their distance pieces. Only 
punch No. 1 will be operated, and this corresponds to the Baudot 
signal for 1. If Q is to be punched, the bars will be in the letter 
position, and bar 2 will be operated, leaving 1, 3, 4, and slimdisturbed. 
Holes 1, 3, 4, and 5 will therefore be 
punched in the tape, which combina- 
tion corresponds to the letter signal Q 
in the Baudot assignment of the five- 
unit code. 

Should this perforator mechanism 
turn out satisfactory on trial, it solves 
very neatly a small problem in the 
modernization of the Baudot. 

The modern multiplex is founded 
in the main on the ideas of Donald 
Murray. The link between the Baudot 
and the modern multiplex may be regarded as having been fur- 
nished by Rowland. 

The Rowland multiplex embodied — 

1. The duplex balance. 

2. Synchronous motors for distributor drives. 

3. Page printing with “ page-up ” means. 

4. Typewriter keyboards. 

1 ts defects were — 

1. Unnecessarily long alphabet. 

2. Locked keyboards and the use of a cadence signal. 

3. All-electrical translation, involving a large number of contacts. 

4. Power magnet control of the printer. 

In spite of these defects, the Rowland system attracted a good 
deal of attention both in America, the country of its birth, and on 
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the Continent. Brought out in 1899, it is no longer in use, but it 
served to point out to the world the great advantage of the quad- 
ruple-duplex system. 

In 1903, Donald Murray described, in a confidential paper to 
several administrations, the " Autoplex,” a multiplex system with 
the Murray automatic as a base. All the features which go to 
make up the modern multiplex were described in this paper. The 
autoplex had the following characteristics : — 

1. Duplex balance. 

2. Phonic wheel-driven distributors. 

3. Idle signal to maintain synchronism when no letter signals 
are passing. 

4. Keyboard perforators and automatic transmitters. 

5. Auto stop and start transmitter device. 

6. Automatic feed of cut blanks for page printer. 

From 1903 to 1911 the autoplex was in the melting pot, and has 
undergone some modifications. As it exists to-day the Murray 
multiplex is adapted to work with the inventor’s page printer or 
the Baudot printer. The printer will take cut blanks or the usual 
form of web. Synchronism is maintained by the Baudot epicyclic 
gear and correcting signals, in the standard manner, while a speed 
correction method has recently been invented. 

The phonic wheel distributor with correcting gear, the auto 
transmitter, the keyboard perforator, the receiving perforator, and 
an earlier page printer have already been described in Chapter V., in 
the sections devoted to these mechanisms. Here it is only necessary 
to describe the latest modifications and additions to the system. 

The synchronizing method preferentially adopted by Murray 
has been that of Baudot. The phonic-wheel drive, together with 
the Baudot correction, is an ideal combination, and gives syn- 
chronism as stable as a rock. 

On circuits where saving of line time is of the utmost importance, 
then correction from the signals is essential. It is sometimes stated 
that correction from the signals is superior to the Baudot method 
when signals are distorted. It is doubtful if this statement can be 
proved. Signal distortion means that either extra corrections are 
made or corrections are missed. Additional and unnecessary 
correction or suppressed correction may take place within certain 
limits whichever form of correction is adopted, and over several 
revolutions tend to cancel out. If they do not do so exactly, the 
distributor brush arm has a small phase displacement which last 
for a few revolutions only. Both systems are equally susceptible, 
and the margin is equal also, provided only that satisfactory methods 
of correction from the signals are adopted. 

Fig. 390 is a diagram of the Murray method of synchronism 
maintained by the signals. At the receiving end it will be recog- 
nized as the interfering contact method used in the Murray auto- 
matic. An idle signal is formed by reversing the transmitter lever 
connections to the transmitting batteries — not shown. Thus, the 
first quadrant sends out -fve currents to space, the other three 
quadrants —ye, as usual. The phasing arrangement consists of an 
electromagnetic key PK. When synchronizing, all the distant 
transmitters are stopped. The idle signal is thus sent out from the 
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first quadrant and, at the receiving end, travels round the receiving 
distributor segments until the two brush arms run into phase. 
PK having been operated is locked up, since it closes the circuit 
of a battery through a holding coil and two contacts on the first 
printer. In addition, the holding coil has a second armature, which 
is now in the operated position, and short circuits the armature and 
contacts of the correcting relay CR. The reed is adjusted to run 
slightly faster than the distant reed at the correcting station. When 
the in-to-phase condition is set up, the setting magnets of the first 
printer operate their five permutation bars PB, allowing the cross- 
bar XB to drop and separate the two contacts included in the 
circuit of the phasing key holding coil. This coil releases and the 
distributors are now in phase. There will be some lag belore ad 
trips but the phase difference resulting can only amount to IJ , 
and this is corrected for during the next revolution or so. 
t a This method abolishes the necessity for the epicyclic gear and the 
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special correcting rings-solid and segmepted-usually necessary 
when corrections arc generated from the signals themselves. This 
simplification at the distributor lower the cost of construction con- 
siderably The local connection from the line relay to the first group 
of setting magnets is tempoiarily reversed when ^synchronism 11s i lost 
Murray has also applied the phonic wheel drive to the Baudot 
printer. This necessitated the design of suitable means f or Pre- 
serving the phase relationship between printer and distributor 
units. 6 The ordinary centrifugal governor is not applicable to a 
drive of this character, and a step by step correcting mechanism 
is employed. Murray’s variable coupling between the printer and 
phonic wheel is indicated by Fi^ 391. On the shaft S *s fixed a 
boss B on a vertical arm of which a curved lever L is pivoted. 
The upper end of L carries a pawl P, which engages a series of internal 
teeth formed on a circular ‘plate or ring RP. Thisprovidesthe 
coupling means between the phonic wheel and the shaft S. When 
the P phase relationship of printer to distributor requires alteration, 
a magnet — not shown — forces a pin CP into the path of the toe of L. 
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L turns anti-clockwise on its pivot, and in doing so draws P out 
and away from PR, momentarily uncoupling S and the wheel. 
The reset cam RSC forces CP to the normal position, freeing L, and 
P enters a tooth to the rear of that in which it is shown to be engaged. 
The printer is set to run slightly faster- than the distributor bruslies, 
as is the standard practice. 

At the corrected station the distributor brush arms are con- 
tinually being set back by the intermittent correcting impulses. 
This is equivalent to a slight advance of phase of the printers. 
Thus printers and distributor can be driven from the same vibrator. 
At the correcting station, however, the distributor speed is invariable. 
The phase-correcting contact must then be arranged to open 
momentarily once per revolution instead of closing. This is done 
by using a cam of type b in the inset, a being used at the corrected 
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Fig. 39i. 

station. Correcting impulses are received by the printers at the 
correcting station until the phase is adjusted correctly, when cam b 
will open the correcting magnet circuit. The printers and dis- 
tributor remain in phase because their speeds are identical being 
driven by the same vibrator. , ’ 

This arrangement simplifies considerably the equipment and 
the maintenance in operation of a Baudot circuit, and allows of 
change of speed when required with great facility. Standard 
Baudot apparatus is not adapted to readily change speed of opera- 
tion. 1 he correction of phase is 4 0 per tooth, too coarse to permit 
of its use for distributors, but the pitch of the teeth could be reduced 
and multiple pawls used to give the necessary fineness of step back. 
1 he arrangement can be modified to step forward, if desired The 
spring between the lever L and the boss B forms a cushion, reducing 
the shock due to correction. 0 
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Where electrical motors of the ordinary type are used for driving 
continuously rotating printers, local synchronism is easily secured. 
Sketch a, Fig. 302, is a method which has been applied to the Baudot 
printer. Correcting conditions are set up in the standard manner; 
and a relay operates, disconnecting the motor battery MB, and 
putting a resistance R round the motor armature. The motor 


then runs as a generator, and its speed falls. 

Sketch b is the means devised by Potts for the local synchronism 
required by the Rowland system. 

Each printer unit has a solid and , 

segmented ring bridged by a brush fl— 

arm rotating with the type- wheel shaft. _ 1—1 

Similar rings and brushes are provided 

on the distributor unit. Tne motor v 

armature is across the mains through 

a resistance R. So long as the dis- ^ -^t- 

tributor shaft and the type-wheel T 

shafts are in phase, R is shunted out, * 

the segmented rings being connected CX- , 

segment to segment by a multiple o 

cable. If phase differences occur, J 

R is inserted in circuit, and the 

printer motor shown in the sketch „ 

slows down until printer and dis- 

tributor units are once again in phase. •> — • l/> 

The Murray Multiplex Page Printer " 

is a modification of his Automatic Page 
Printer, five selecting magnets being 
substituted for the perforat'd tape- . 

selecting mechanism, and a sixth or 0 

printing trip magnet being added to -■ — “ 
control a single revolution or " start- n H 3 f 

stop” camshaft. No synchronizing j ■ ; 

means between distributor and printer \ • 

units is needed, provided that the U 0- — “ u 

cam shaft rotates at a speed allowing R 

all setting and resetting cycles to be jVWWVi 

completed within the limits of one re- A. 

volution of the distributor brush arms. 

With the exception of the six mag- T 7 r 

nets, the printer is entirely mechanical pTOT'- 

in its operation, and contains no elec + 

trie contact. Experience has proved FlG - 39 *- 

that printers, to be successful, must be 

mechanical in their operation, the operations being effected by cams 
on shafts driven by motors. Cams give smooth operation without 
shock. It is the principle of the sewing machine, and the experience 
of fifty years has proved that the nearer the printer approaches to 
sewing-machine operation the better. In the ideal printer electro- 
magnets act as triggers controlling the power supplied by rotating 
cams. This principle finds its justification in the Hughes and 
Baudot printers, each with over half a century’s record for reliability 
and low cost of maintenance. 


for the local synchronism 

R —a 


Fig. 392. 
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ffift ttTSESfc^ffi! is lrcndi " e 10 tl,e ‘ Jlmecl ”“ 

t,^ leI t gr ^ phl - c i ex P erience is also ln favour of tvpe-bar instead of 

ffs e ?a h s e als^been ^ is re< # ed ' Fo^the same reason 
tms nas also been the experience with typewriters. For speeds 

not exceeding 40 words a minute, type-wheel printers such as the 
Hughes and Baudot work well but for speeds of 60-70 words 
nrfti«^r= r te ' ty P e ' bar printer is more satisfactory, Type-wheel 

and Halske 'nrin C t P r r f e ’ 36 WOrkcd at h, g ber s P eeds . and theSiemens 
i • pn ? ter ls a ca se in point. Type-bar printers are more 
readdy designed as page printers than the type-wheel pattern and 

fn excess n of 1 |owor e f l CeSSary ^ time . and Hbour saving when speeds 
in excess ot 40 words a mmute are m question F 

• Fxpcncnce has shown that the basket shift is lighter and quicker 
m action than the carnage shift usually applied to typewriters and 
it is therefore desirable in a telegraph printer ly Pewnters, and 

P or speed and strength the paper platen sliding on a souar P 
steel spmcHe is the strongest and simplest arrangemfnt d 

typewriters the letter feed of the paper carriage is an escatie- 
rTnrint tnp * act i on .’ a " d the carriage is returned by power (hand) 
Witt Wp-iine LT(S“'^ S5‘“ S ' “ d l “ TO «<« '"’d 
r"/, be ^/ rra3 A Pa p P, n S te t th ere are four motions of the paper 
Jmch SK honzontaI m °tion of the paper, usually 

Line-feed. A long horizontal motion of the paper usually anv- 
thing up to 72 letters, or about 7 inches. 1 P ’ 7 7 

C°!umn-fecd.~A short vertical motion of the paper, equal to 
the space separating two lines of print 

to softer. l0ng VeftiCal m ° ti0n f ° r feeding Up from one sheet 
In the case of printers such as the Baudot, which print on a 
paper tape, only letter-feed mechanism has to be provided to step 

the Paper on about , inch for each ]etter pr ^ted Most ®a P 

f!> P H 4 nn S i h’therto employed have provision for letter, line and column 
feed only^ with the exception of the Rowland printer which had a 
Pag r e ; l, ?n d Ti Ce controPed hy perforations in the blank. 

„ 1 ! 1 Mu ™y printer all four motions are provided and ar P 

" line "'nr 11 ” 6 ' PhlS ha ? usaall y been achieved by providing the 
„ ne °F, .carnage return signal followed by a 'Column" or 
J^P ® lg t na ' E v e P this time has been Cund inadequate 
vhen the printer speed is raised above 40 words per minute* At 
4.0 w mds Per minute on a quadruple circuit the duration of a letter 
signal is ; second, and the time of two-letter knTh lw 
i a Second at this M>eed. The ■' line-feed ” of tl^ carri^c can be 


u 

f i 

>! 
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secured at this speed, but at, say, 60 words a minute, there begins 
to be difficulty. The $ second then available is too short for a 
heavy typewriter carriage weighing from 2-3 lbs. to run back 

?* r sev f n mc hes. Letter and column feeds can be effected in 
the time of one letter signal, even at 60 or more words per minute. 

A further desirable feature is that the " line-feed ” should auto- 
matically effect the column feed ” as, when line conditions are 
bad, a false signal may cause the line feed to operate. The carriage 
runs back, and printing then takes place on top of words already 
printed. J 

Fig. 393 is a side elevation, partly in section, of the improved 
Murray printer. The selecting mechanism is generally on the 
lines of previous printers by the same designer. The platen is 
mounted to slide on a rectangular bar running the whole width of 
the frame. This cuts down the weight of the platen and also 
dispenses with the need for guide rails and pulleys. The cam shaft 
11 ™ by f sma . e,ectnc motor of about T Vth horse-power, and 
the battery of cams is fixed to a sleeve surrounding this and clutched 
to it when the sixth or printing impulse is received. Five cams are 
provided — 

1. The printing cam, which causes the selected type bar to print. 

2. the zeroizing cam, which restores the permutation bars to 

zero ready for a new letter. 

3. The spacing cam, which moves the paper carriage letter by 

letter and stores energy in a spring drum ready to return 
the carriage. 

4. Drop cam, which actuates Jhe universal bar allowing the 

cross bars to rest agains. the permutation bars at the 
moment of selection. 

5. Column-feed cam, which stores up energy in the column-feed 

lever for the operation of the column feed at any moment 
required. J 

., ' J ]? e Ppnfing clutch magnet CM receives regular impulses from 
the distributor whether a letter is set up or no. Fig. 304 shows 
details of the arrangement to prevent the clutch magnet operating 
under these circumstances, and, also, the means adopted to make 
the tripping arrangement very sensitive. At the left-hand end of 
the bars PB a slot is provided, which embraces a pin mounted in 
one arm of a bell-crank lever BCI. BCI is connected by a wire 
link or rod R to a second bell crank BC, whose lower hooked end 
engages with a blade or extension B of the clutch magnet armature 
bo long as no letter signals are set up, the armature of CM is positively 
restrained from motion by these means. When one or more of 
the bars PB are moved to the right, their slots act on the pin of 
BC, moving this and with it BC 2 , so that the armature of CM is 
treed and in a condition to operate when the sixth or printing 
impulse is received from the distributor. The cams are clutched 
to the constantly rotating shaft by a claw-tooth clutch controlled 
by the usual type of fork F mounted rigidly on a shaft S,. A spring 
b on h tends to release the clutch, but F is restrained by the following 
means 1 lie armature extension B rests against a small lug on 
the back of a slipping pawl SP. The front of SP is bevelled, and 
rests against a similarly bevelled surface on a vertical square-shaped 
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k In a +^° ngl -? y fix , ed to . S 2 - , So lon g a s the armature extension 
: shown m the drawing, the whole mechanism is 

; ! nd F , cannot release the clutch. If extension B is now 
moved clear of SP this will move in a clockwise direction, freeing 


Pm. 393. 

the vertical rod on S 2 , and the fork F liberates the clutch. This 
motion takes place under the action of spring S. The bevelled 
-a- of SI fnd the vertical rod cause the force due to S, resolved 
m the horizontal direction to force the SP against B, to be verv 
slight, so that a comparatively weak force on B will move it clear 
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of SP Thus while in the normal or rest position, the locking effect 
is positive, although the release is readily accomplished, CM is 
merely a trigger magnet, while the clutching action is effected under 
the action of a strong spring S. The clutch is reset under power bv 
a cam surface acting on F. The arrangement is comparable to the 
Hughes clutch, but is a much more elegant solution. 

395 shows the letter and line feed arrangements The 
carriage is advanced step by step by a pawl FP acting on a toothed 
rack. The pawl is operated through the medium of a bell crank, 



Fig. 394. 


controlled by a vertical rod, and worked by a vertical rod controlled 
by a feed cam. The left-hand pawl HP is a retaining pawl. Both 
pawis have projecting pms embraced by a slot in a vertical sliding 
plate F. 1 his plate is held in the vertical position shown in the 
drawing by a small coiled spring. When the carriage return signal 
is received, this plate must move down and release the holding 
and driving pawls with great rapidity. To this end the slipping 
pawl an'angement is again taken into use. A horizontal lever rests 
against a pin at the lower end of the vertical plate. This lever is 
held by a slipping pawl SP at its left-hand end, and in the positions 

2 P 





Fig. 
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shown has extended a powerful spring connected to the frame and 
to a point somewhat to the left of the horizontal lever pivot. The 
slipping pawl is released on receipt of the line-feed signal, and HL 
moves downwards rapidly, engaging the pin on P and moving this 
and with it the pawls FP and HP clear of the toothed rack. The 
carriage returns under tension of the spring drum at the left of 
the machine. The shock at the end of the stroke is taken by a 
pivoted lever connected to a dashpot DP. P, and with it the two 
pawls, must remain clear until the carriage return is complete. To 
this end a bolt B enters a slot in the lower end of P, ana holds the 
latter locked. At the end of its movement the carriage comes in 
contact with a bar PB, which through the medium of rod R operates 
a bell crank BC to unbolt P. HL is reset by power. The column 
feed is operated simultaneously in a similar way. It can also be 




Fig. 396. 

operated independently of the line feed, as is required when printing 
an address of two or three lines. 

Fig. 396 is the latest form of Murray reed with Vernier adjustment 
of sliding weight while running. 

Due to tne war and its aftermath the manufacture of the 
Murray multiplex system has been retarded, but is now proceeding. 
As it is on sound fundamentals it should be successful, gradually 
replacing the older but, in some respects, out-of-date multiplex 
system at present in vogue. 

Murray has borrowed good points from other systems and 
added many original features, tne whole forming what may be 
termed the Modern Multiplex. 

The lines of development leading up to this appear as follows : — 
1. Rowland (1900). The duplex balance and page-up feed for 
printers. 
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2. Buckingham (1900). Invisible correction of errors by 

retraction of slip in the perforator and punching an 
obliterating series of dots, which, as line signals, have no 
effect on the distant printer. 

3. Murray (1903). The Autoplex — a combination of the Murray 

automatic and Baudot systems, embracing auto-stop- 
and-start of transmitters under control of the perforator 
tape, phonic-wheel motors, correction from tne signals 
with the provision of an idle signal. The page printer was 
adopted for taking a web or feeding incut blanks. 

Later Murray developments comprised the phonic-wheel drive 
with epicyclic gear applied to distributors, re-perforators, tape 
duplicator, and transposer mechanism for converting cable code 
into five-unit code signals. 

The Baudot system has remained practically the same as it 
was left by its inventor. The duplex balance and. the phonic-wheel 
drive have been applied to it in England, and the ingenious 
perforator mechanism designed by Booth and Willmott is a further 
step in the direction of improved Baudot efficiency. 

The structure erected by Murray was handed over by him to 
the Western Union Telegraph Company, whose engineers, in con- 
junction with those of the Western Electric, have carried on develop- 
ment on lines sufficiently characteristic to justify its designation 
as the American Multiplex. 

Latterly development seems to have been carried on more or 
less independently, so that we have two American systems, the 
Western Union and the Western Electric. 

Both systems have the following leading characteristics : — 

(a) Phonic-wheel distributor motors controlled by massive forks. 

(/>) Single-plateau distributors with four concentric sets of rings — 
receiving, sending, correcting, and local. 

(c) Keyboard perforators and tape transmitters. 

(rf) Correction obtained from the signals with consequent pro- 
vision of an idle signal. 

J ’) Circuits permanently duplexed. 
f) Page printers of both type- wheel and type-bar patterns. 

*) Rotary repeaters. 

loth systems are in use in America, the Western Union on its 
own wires, while the Western Electric system is employed on the 
derived channels of the American Telegraph and Telephone Company. 
A multiple system using the five-unit code is very much like any 
other similar system, and it is only details of a novel character which 
require treatment. 

The Western Union connects up its four sets of distributor rings 
by means of multiple wire cables to three pin-pattern connecting 
plugs, as shown by Fig. 397. A panel is furnished to take the 
plugs, of the type diagrammatically indicated in Fig. 398, and this 
arrangement allows of the distributor being readily disconnected 
and removed from the circuit without need for disturbing the 
permanent wiring. The panel further allows of transmission being 
retarded and advanced by merely withdrawing the plug and rotating 
it in the necessary direction. The Western Union practice is to 
adjust for orientation by advancing transmission, any adjustment 
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Summary. Table of Contents. 

This paper, which is mainly a forecast of the probable _ i — , Tr . rr . , _ , , 

jprm that the telegraph service will take in the course of the Part 1 • The II orld s Unsatisfactory Te.egraph Ser 

scxt 25 years a form that is described as the new tele- (1) The modem demand for speed, and why. 

gnphy "-refers to the world-wide complaints about the (2 ) Telephone versus telegraph, 

unsatisfactory cond.t.on of the telegraph service and the (3) Weaknesses of the telephone. 

•iti-ti lor improving it and speeding it up until it takes its ' ^ , , 

“"per place’ alongside the telephone. W 0ther competitors of the telegraph. 

It is agreed that these complaints arc well founded, and The defects of the telegraph service, 

the telegraph service is described as being dear, slow and \ C They arise from lack of terminal facilities, 

inaccessible. Speeding up the telegraphs and bringing them 
into closer touch with the industrial and financial life of 
tiie world is put forward as a necessity of the future. We 
must tvpe as well as talk. We must “ teletype ” as well as 


Part 2 : The Twin Remedies. 

(1) Start-stop printers and — 

(2) The teletype exchange, 

(3) Resulting in the new telegraphv. 

(4) Printing telegraphs for farmers. 

(5) Starting the new telegraphy. 

(6) “ The doorway of opportunity.” 

(7) Some results. 

(8) How the teletype exchanges will work 

(9) Linking up the telegraph network. 

(10) “ Emptying the mail-bags.” 

(11) The first steps. 


Part 3 : The Start-Stop Printer. 

(1) Various machines and what they must do 

(2) Historical. 

(3) Technical features of start-stop printers. 

(4) Electrical and mechanical distributors. 

(5) Curved code-bars. 

(6) Standard speed and tape- or page-printing 
(T) A universal printer. 

IS) Prices. 


The World’s Unsatisfactory Telegraph 
Service. 

(1) The modern demand for speed, and why . — A para- 
graph in the newspapers, entitled “ Speeding up the 
Telegraphs," has supplied the title and inspiration for 
this paper. The paragraph, which has already been 
widely quoted and commented upon, appeared in the 
following form in the London Daily News of the 26th 
February, 1924 : — 


“ Speeding up the Telegraphs. — Rivalry of Wireless 
and Air Mails. 

" Paris, Monday. 

" It is announced here that the International Telegraph 
Union at Berne is proposing a world inquiry into the growing 
neglect of the telegraph in internal and international com- 
munications. ; 
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" In some countries, such as the United States and Scandi- 
navia, the telegraph now contributes hardly more than 1 per 
cent of the total number of electric communications, and in 
France, where lack of enterprise still leaves over 40 per cent 
of the 36 000 communes unserved by the telephone, the pro- 
portion is only about 10 per cent. 

" The air-mail is mentioned as becoming a powerful rival 
to the telegraph wire. A letter posted in Paris at 7.50 p.m. 
is now delivered at Casablanca, in Morocco, on the following 
morning but one, which is not always, but is sometimes, as 
rapid as the telegraph, and has other advantages. 

“In a single month last vear 200 000 communications j 
were sent by this air route. The use of wireless telegraphy j 
is growing very rapidly. The great station near Bordeaux ! 
sends messages as far as Saigon. Saint Assise serves America, , 
and Lyons, Moscow and Central Europe. 

“ It is suggested here that if the plant and cables of the j 
old system representing hundreds of millions are not gradually i 
to be scrapped, tariffs will have to be reduced, and the sendee i 
everywhere speeded up. In France it still often takes five : 
hours to telegraph between Paris and Nice, and this is only 
an instance of the wide margin left for reform.” 

The. same paper published another significant para- : 
graph on the 18th June, 1924, as follows : — 

" Telephoning Express. — Quicker Method of Trans- 
mitting Phonograms. 

" The telephoning of express messages is to be expedited. ; 

" Hitherto a telephone subscriber has telephoned his 
message to the nearest exchange, whence it has been sent \ 
to the next exchange, and so on, necessitating its being re- j 
written perhaps three or four times. 

“ Under the new system a subscriber is to be plugged j 
through to the nearest central transmitting office. He will | 
be charged only the local fee. A subscriber, for example, who i 
wishes to dictate an express message from Stockport will i 
be put through to Manchester, and one who speaks from | 
(say) Norwood will be put straight through to the Central I 
Telegraph Office, St. Martin 's-le-Grand. 

“ The new scheme is criticized by the Union of Post Office j 
Workers. Mr. Fred Riley, the assistant secretary, said I 
yesterday : 

“ ' The union claims that phonogram work is strictly 
telegraph work, requiring a full knowledge of telegraphic 
rules and regulations. 

° x 

“ ' In the transfer of work from telegraphists to" tele- 
phonists the Post Office is guilty of down grading of work 
contrary to the trade union practice. The union agrees to 
such transfer only on the condition that telegraph rates are 
paid.' 

" Mr. Riley added that errors in telegraphy were negligible 
compared with those in telephony. He said the scheme 
appeared to be a great menace to the staff, and had no 
advantages for the public.” 

As these two paragraphs deal with a subject of the 
greatest importance to the industrial and business world, 
namely, quick and cheap intercommunication, it seems 
to be desirable that a clear, hill-top view of the facts 
and probable and possible developments of telegraphy, 
as they appear to one who has devoted many years 
to the subject, should be put on record in circumstances 
which may lead to wide public discussion. By such 
discussion the business world will become conscious of 
the possibilities, and a very desirable stimulus will be 
given to the growth of the great telegraphic facilities 
that will be available to us in the course of the next 



25 years. I have therefore avoided technicalit 
comcmuniation engineers will find nothing new 
paper, except the unusually extensive landscape 

If we had no telephones, the world would be vef 
of its marvellous telegraph service ; but ! the 
growth of the telephones, and the wonderfulb 
and cheap service that they render, have made’ 
dissatisfied with the results at present obtains 
the telegraphs. 

There have been articles innumerable in the i( 
and lay Press about the unsatisfactory condition) 
telegraph service and the need for cheapening and 
ing up the telegraphs to save them from extinctib] 
all sorts of weird remedies have been proposed, 
been told that the world’s telegraphs are in the-qu 
pot, and that they are liable to be swept away 
telephone and wireless and by the air-mails, and 
seems to know what to do to remedy this state of: 
The ideologues and word-merchants suggest 
telegraphs need to be “reorganized,” and p: 
telegraph men recommend “ advertising the tele| 
and “ cultivating the telegraph habit." Advei 
good as far as it goes, and the Western Union Tel 
Company finds that this policy pays, and 
remarkable telegraph advertising campaign is c: 
in America. 

The company has been good enough to seni 
collection of its advertising leaflets. These are am; 
clever, and cover all phases of life from the use 
grams to collect overdue accounts, to sample teleg 
to radio artists with the advice “ Applaud by Tele( 
Amongst scores of others, there is a card giv: 
average cost of letters at 52 cents and tele| 

GO cents. In Great Britain the corresponding 
an average letter is probably about Is. and a t 
about Is. 3d. The argument is that the savings 
at the cost of a few extra cents is extremely- pre 
Through all the advertisements runs the 
“ Don’t write — Telegraph ! ” 

Note these last words attacking the mail-ba| 

Practical telegraph men realize that telegragl 
is not likely to grow faster than the slow annn: 
ment due to increase of population, if the prese 
of development are adhered to, and they kno 
there are only two other directions from which 
traffic can be expected. The telegraphs have, 
from the pressure of the telephones on one side*| 
Post Office on the other, and the obvious 
for the telegraph men to attack the telephones 
war on the mail-bags. Hence the advice in 
tisement, “ Don’t write — Telegraph." There 
night-letter telegrams and various other 
divert correspondence to the telegraph wires; 
during the ebb-tide when the volume of 
traffic is low. 

Clearly this advertising shows that thi 
Union telegraph plant is not being used 
capacity ; and that is the position with alK 
administrations. There is a shortage - of f 
and there is no shortage of telephone m 
fortunately it is not much use to advertise the 1 
service while it is dear, slow and inaccessibl 
the telegraphs become as cheap, quick and 
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B anes, the telegraphs will not have so much 
vertise. 

j£ complaint is about the slowness of the 
ervice, and the complaint is world-wide. For 
paragraph in the Telegraph and Telephone 
- June 1924 says 

inual report of the P.M.G. of Australia shows 
fc L- u ~on the telegraph branch of some £78 000 on the 
• J3. Out there, as here, the speedier delivery 

g rams is a problem not yet solved. It is, however, 
y . t j lat a distinct promise of an acceleration in that 
^ 3srecti° n has been made.” 

This demand for greater speed has a deep economic 
-itaificance, and it may be pointed out, in passing, 
IsStthe idea of doing things quickly is modem, and it 
on [y in highly industrialized communities. Some 
r fltin before the war when I was in Moscow, I was told 
f •• Time is not money in Russia.” I was also told 
' faff “ The Lord God has plenty of time.” However, 
(fee Russians are adopting modem habits, and all over 
world " manana ” is giving way to ” pronto.” * 

■f <f|, e explanation of this modem haste lies in the fact 
it a profit of a shilling an hour is better than a profit 
a shilling a dav. In other words, the faster one does 
bwiiness the more business one will be able to do and 
:{be greater will be one’s annual dividend. Every 
liminess man knows that, and every business man knows 
konr profitable it is to use the telegraph and telephone. 
The telephone saves a colossal amount of time, and is 
IHC of the main factors in the vast production of modern 
th. The telegraph, the senior service, helps, but 
to anything like the extent that it ought to do. 
Examples of this speeding up of business may be 
d throughout every community, and an amusing 
nee is the speeding up of moving pictures so as 
get more programmes through and to get more audi- 
squeezed into one day. This gives a bigger turn- 
in audiences and a bigger profit on the day. 

In the language of political economy an essential 
of the process of division of labour is exchange of 
goods produced, and anything that increases the 
ity of that exchange facilitates the division of 
which is one of the two great factors in the pro- 
n of our modem wealth. 

it this speeding up of the turn-over, the telephone 
telegraph play a very large part, but the telegraph, 
van °us reasons, has lagged behind. Recent develop- 
®ts, however, with which this paper deals, indicate 
Jreat extension of the telegraph service. The busi- 
man wants to speed up business, and for that 
>se he needs a vastly improved telegraph service, 
T® is going to get it. He will have to pay for it ; 
the profit is so great that he will pay gladly when 
i£ts accustomed to the price. By business men I 
not only individuals but organizations, merchants, 
• stockbrokers, factories, railways, farmers — in 
tne whole financial and industrial community. 
Jelephone versus telegraph . — In order to get an 
, Jj~ e Possibilities of telegraphy, it has to be reme m - 
that there are only two practicable methods of 
nnreation — by the ear, and by the eve. We can 


we can write ; we can telephone and we can 
• At present the telephone has no effective 


rival, it has interwoven itself into the industrial life 
of the world to an extraordinary degree, and to a sub- 
stantial extent it is doing work that the telegraph could 
do better, especially over considerable distances ; but 
for a variety of reasons the telegraph has not been able 
to stand up against the competition of the telephone, 
and the result is that the telegraph has been cramped 
and stunted between the competition of the telephone 
service and the postal service. 

This stunted growth of the telegraph is economically 
unsound. It is not good for the community, and it is 
also certainly not permanent. It has been due essentially 
to the imperfect development of the telegraph plant. 
It is true that the telephone also is only now reaching 
the machine stage ; but the telephone has always had 
the great advantage that the transmitting and receiving 
mechanisms, the human tongue and the human ear, 
cost nothing, are ready made, and are highly perfected 
and capable of any speed up to about 150 words a minute. 
All the telephone engineer had to do was to provide 
wires and suitable switching arrangements and extremely 
simple transformation devices to catch and reproduce 
the human voice. The telegraph engineers, on the other 
hand, were heavily handicapped by the burden of 
having to make satisfactory machinery that would 
typewrite at a distance. This proved to be a very 
difficult task, and although printing telegraphs, have 
been in existence for 50 years, the business-man’s 
printing-telegraph has only been perfected during the 
last few years. The reasons will be given later. This 
is the one and only important reason for the backward 
condition of the telegraph compared with the telephone. 
We realize this fact at once when we consider that if 
we could all speak the Morse Code language the tele- 
graph would not be the Cinderella of communication. 
It is only now that this handicap is beginning to be 
removed, and speeding up the telegraphs, or, more 
strictly, speeding up the transit of telegrams, has begun. 
This perfecting of the telegraph machinery will be 
dealt with presently. 

It is, of course, hopelessly idealistic to suppose that, 
for, moderate distances, the telegraph can ever be as 
quick and as in tim ately connected with the life of the 
community as the telephone ; but we are safe in assuming 
that in 15 or 20 years business men will have at their 
disposal a telegraph service, by wire and wireless, far 
quicker and more accessible than at present, and progres- 
sively cheaper than the telephone for distances exceeding, 
say, 50 miles. If business men could telegraph over dis- 
tances exceeding 50 miles more easily and quickly and 
cheaply than they can telephone (and that will be the 
case by and by) what would be the result ? Clearly the 
new facilities would create much new traffic ; but, in 
addition, many messages now going by telephone would 
go by telegraph, and also a great many letters that now 
go by mail would go by wire. The telephone has great 
advantages over the telegraph, but a perfected tele- 
graph network would have other great compensating 
advantages over the telephone. We must type as well 
as talk ; we must teletype as well as teletalk. A tele- 
phone message is a voice, and nothing more — a sound 
leaving no record. Nothing is more evanescent. There 
are sound-recording machines, but the sounds are still 
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sounds, and there is no conceivable mechanism, outside 
of the human brain, that will translate a sound-message 
into a sight-message. It is sight-records and not sound- 
records that we need for business purposes, because they 
occupy so little space compared with any sound-record 
and are so much cheaper. They can also be glanced over 
so quickly and read at the rate of 300 words a minute. 
Business demands speed, and we must type and teletype 
when records are needed. Civilization began when we 
started to write, and modem civilization began when 
we started to type. Now we are starting to type by 
telegraph on a large scale by modern mechanisms. 

(3) W eakyiess.es of the telephone . — Not only is a tele- 
phone message merely a passing sound, but also in order 
to gain its undoubted advantages it has to be exceedingly 
wasteful of signalling material. This is readily seen when 
we examine the vibrations or signals that have to be 
transmitted over t-jjo telephone wires for a single word, 
say “ Paris," compared with the vibrations or signals 
required to transmit over one telegraph*wire the same 
word in the five-unit alphabet. 

In Fig. 1, A is an oscillograph record of the electric 
oscillations in a telephone circuit when the word 
‘ Paris ” is spoken rapidly into a telephone receiver. 
I am indebted to the Post Office Research Station at 
Dollis Hill for this extremely instructive oscillograph. 

B (Fig. 1) is a timing record with a frequency of 
1 000 cycles or vibrations per second. On B therefore 
100 waves mark off second, and it will be seen that 
the word “ Paris ” spoken rapidly into the telephone 
occupied about J second, or 1/lSth of a second per 
letter. (Five letters and the space after the word, or, 
in all, six letters, are taken as the standard word.) 
Dividing 60 seconds by 1/1S we get 1 080 letters or 
ISO words a minute. The number of waves or cycles 
required to transmit the word " Paris ” telephonically 
was 365. 

Immediately below, in C (Fig. 1), there has been 
marked off the number of cycles in B required to trans- 
mit the word “ Paris " in a telegraph wire by the five- 
unit alphabet. As start-stop printers use what is really 
a seven-unit alphabet, we multiply the six letters of the 
standard word by seven, thus getting 42 units, or 21 
waves required to transmit the word “ Paris " tele- 
graphically by a start-stop printer, compared with 365 
waves required for the telephonic transmission of the 
same word. It is to be noted that 365 is an average 
figure, including the low as well as the high frequencies. 
For a real comparison with the telegraph we have to 
take the highest frequency that must be used to transmit 
clear speech, and not the average. If we take this 
average of 365 cycles for the five letters of the word 
“ Paris," we get 75 cycles per letter, compared with 3i 
cycles for the telegraph, a ratio of 21 to 1 in favour of 
the telegraph. 

In D (Fig. 1), I have given the word “ Paris " in the 
seven-unit alphabet transmitted in the same time as 
the telephone word. This again illustrates the advan- 
tage of the telegraph in the fewness and slowness of 
its signals compared with the telephone. Obviously 
this handicap in signalling places the telephone at an 
extreme disadvantage compared with the telegraph 
so far as the line is concerned, and the longer the line 
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areater the handicap. Wonderful devices are 
1 bv telephone engineers to overcome this draw- 
back ' but the same devices can be used in telegraphy, 
and nothing can remove the handicap. 

\nother way of comparing the telephone and tele- 

ioh so far as line signals are concerned, is to use the 
following information, for which I am also indebted to 
pollis Hill 

" The question of the lowest and highest frequency 
necessary for good speech is very largely dependent 
th» quality of speech required. The following 
,j„ u res sho -v the order of values : — 

? (1) Complete unintelligibilitv occurs with the elimina- 
tion of all frequencies above 500 cycles or below 2 000 
cycles per second. 

" (2) Experts can carry on a conversation with all 
frequencies either above or below 1 000 cycles eliminated, 
but the quality is poor. 

(3) The most important range is from about 600 to 
1 200 cycles. 

(4) For good quality commercial speech it would 
probablv be advisable to cater for all frequencies 
between 200 cycles and 2 000 or 2 500 cycles per second, 
while for perfect reproduction and for music 100 to 
5 000 cvcles at least are necessary. For the generality 
of cases S00 is an accepted frequency which can be used 
to represent speech frequency." 

As the weakest link in the chain is the determining 
factor, we have to take the lowest limit of the highest 
frequency required for clear speech ; that is 2 000 
to 2 500 cycles, or, say? 2 400 cycles per second. 
Multiplying this by 00 gives us 144 000 waves per 
minute. Dividing this by the 3i waves per letter used 
by start-stop printers, we get 41 140 letters, or 6 850 
words per minute if we used the same frequency for 
telegraph work. 

The telephone will not give more than ISO words a 
minute ; and actually the average rate is probably 
not in excess of 120 words a minute. A skilful public 
speaker does not exceed about 120 words a minute if 
he is wise, and the rate of the average speaker is about 
150 words a minute. It is possible to read silently 
at the rate of about 300 words a minute. Normal 
conversation is extremely rapid, and runs up to about 
200 words a minute ; but such a high speed is impossible 
on the telephone, because a little more effort is required 
to speak into the telephone and there is also more effort 
to hear what is said. Taking the telephone speed, 
however, at the very favourable figure of 150 words 
per minute, we find, on dividing 6 850 words per minute 
hy 150, that the telegraph is 45 times more efficient 
than the telephone so far as the utilization of the line 
signals is concerned. Even if we come down to what 
Hollis Hill calls poor-quality speech,- namely the 
1 000-cycle limit, the telegraph is still 19 times more 
efficient than the telephone so far as the line is concerned. 

This calculation can be put in another form as follows : 
Taking the standard word as composed of six letters 
(including the space), 150 words a minute is 15 letters 
Per second. Taking our upper limit of frequency for 
eiear speech over the telephone, namely, 2 400 cycles 
second, and dividing by 15, we get 160 cycles per 
for the telephonic transmission of intelligence. 


; In telegraphy the rate per letter, using the five-unit 
■ alphabet, is 2^ cycles, or 3j for start-stop printers, 
i Dividing 160 by 2 J we get a ratio of efficiency of 64 to 1, 
or with 3g cycles, 45 to 1, as before. 

This takes into account only the handicap of fre- 
: quency. The telephone, however, also depends largely 
: on varying amplitude of vibration. There are hundreds 
: of different amplitudes with the telephone and only 
one amplitude with the telegraph. Hence, if we take 
amplitude as well as frequency into consideration, we 
shall probably be within the mark in saying that there 
is a handicap of 100 to 1 on the telephone compared 
with the telegraph, so far as the line is concerned. 

I have gone at length into this comparison, because 
the whole future of the new telegraphy depends upon 
it. The figures quoted make it clear why the telegraph 
can be so much cheaper than the telephone when distance 
becomes an important factor. 

For the information of many non-technical people 
who, I hope, will read this paper, I may mention that 
there is a practical limit to the rate of electrical vibra- 
tion and also to the variation of amplitude that can be 
transmitted over any given size and length of wire, and 
the longer the wire the lower the limit. It is this fact 
that imposes a handicap of 40 or 50 to 1, and even 100 
to 1 on the telephone compared with the telegraph. 

With the telephone the risk of error is great, because 
! the electric currents representing the voice not only have 
: a very high periodicity but also are extremely feeble. 

! They are likewise very delicate, because varying ampli- 
1 tude is an important factor. To shut out disturbances 
; which would ruin these extremely delicate telephone 
; vibrations, it is necessary to use a loop made up of two 
costly telephone wires for one message. Also it is only 
! possible to speak on the telephone simplex ; that is to 
sav, a man cannot talk and listen to the telephone at 
the same time. The telegraph can do so. It can work 
j duplex, and the “ single-operator duplex’’ is going to 
! be important by and by. Consequently, the limit of 
j speed on the two costly telephone wires is 150 words a 
; minute, that is to say, 75 words a minute on one wire. 

It is true that by various ingenious devices several 
telephone circuits can be so linked up as to give addi- 
tional telephone circuits, and there is also the ” carrier 
current ” system. But we can apply to telegraphy all 
these expedients of telephony, including Pupin coils 
and valves and tone frequencies, the result being many 
times greater carrying capacity with telegraphy than 
is now obtained. The position, therefore, is that for 
working at 150 words a minute by telephone we need 
two costlv telephone wires, that is to say, a telephone 
loop, or 75 words a minute on one good wire. The 
telegraph, on the other hand, only requires one wire at 
about half the cost of the telephone wire, and will give 
240 words a minute each way simultaneously, or 480 
words a minute in all, on the one cheap wire. This is 
from 12 to 16 times more than the telephone can do, 
and the consequence is either a correspondingly greater 
carrying capacity for the wire, or a correspondingly 
greater distance covered. It means that for any con- 
siderable distance, and particularly for long distances, 
the telegraph is far cheaper than the telephone. It 
is for this reason chiefly that the. stunted growth of 
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the telegraph is economically unsound. There is also J 
the great advantage with the telegraph process of being 
able to store up telegrams in order to send them at 
opportune times. 

There are other serious handicaps to the telephone. 
For instance, it is impossible to talk in the absence of 
one of the parties to the conversation, and it is often 
a waste of time to have to receive a telephone message 
personally. In this respect telegraph printers offer 
the notable advantage of recording messages in the 
absence of the addressee, thus avoiding interruption of 
work and delay, the messages being stored automatically 
until an opportune moment arrives. W riting or typing 
a message saves much time. A business man in the 
morning finds a pile of letters opened by his secretary 
ready for him to read and reply to by the aid of his 
stenographer. In an hour he can dispose of matters by 
letter that would take him all day, even if possible at 
all, by telephone. « 

A letter is a great time-saver. \\ e can dictate a letter 
when we please and when we have time, and the dicta- 
tion can be interrupted by more urgent work and no 
harm is done. We have time to think when dictating 
a letter. Also the recipient is saved a great deal of 
time. He can glance through a dozen letters in the 
time that he would receive one corresponding message 
by telephone, and he can deal with letters at any time 
and in any way he pleases. He also has time to think 
about them and hunt up information. Under suitable 
conditions many of such letters could be sent by tele- 
graph with great saving of time and without diminish- 
ing the foregoing advantages. It would not be prac- 
ticable to send such letters by telephone. It would be 
too costly, except over short distances for which the 
post is better, there would be no typed record, and the 
possibilities of mistake by telephone are too great for 
commercial security. 

The telephone, in its own way, is also a great time- 
saver, especiallv in getting an answer back forthwith ; 
but let me repeat : We must type as well as talk ; we 
must teletype as well as teletalk, and the reasonably 
perfect telegraph service, as good as the telephone, 
such as we expect to see in 15 or 20 years, will certainly 
do a lot of work well, now done by the telephone badly. 

(4) Other competitors of the telegraph . — In the first 
paragraph quoted at the beginning of this paper refer- 
ence was made to the competition that the telegraphs 
have to suffer from wireless and the air mail. This is a 
mistake. It is true that wireless offers great possibili- 
ties for rapid communication. Wireless, however, 
considered from the point of view of this paper, has 
only indirect connection with telephone and telegraph 
work. It is really a remarkable substitute for telegraph 
and telephone wires and submarine cables, and it 
multiplies the facilities for the use of the telegraph and 
telephone. A telegram is a telegram whether it is 
sent by wire or wireless, and wireless need not, therefore, 
be further considered in this paper. 

So far as the air-mail service is concerned, it cannot 
compete with the telegraph except for handling docu- 
ments. In this particular respect, aeroplanes may help to 
empty the ordinary mail-bags, but the risk of loss of valu- 
able documents is too great in the case of aeroplanes ; 


and for urgent communications such as are s 
telegraphy the aeroplane has no chance in 
with the telegraph. Take London and Paris 
most favourable conditions it takes about 4 E 
letter posted in London to reach Paris by 
The actual time of transit at the present j 
follows : — ' >s 

Charing Cross to Croydon Aerodrome,: a' 
minutes ; Croydon Aerodrome to Paris Ae 
about 21 hours ; Paris Aerodrome to Paris, a 
minutes ; Total time of transit, about 3 hq 
minutes. ■>■§ 

This takes no account of the time required to 
the mail in London and to deliver the letter 
Taking the total time at 4 hours, only 20 minut 
be allowed for posting and delivery. The 1 
commercial aeroplanes is only about 80 to 9 
an hour, and even this speed is greatly affected 1 
wind. If we reckon 100 miles an hour for the 
it would take more than an hour to post, trans 
deliver a letter between London and B 
With the new telegraphy between London , 
mingham, a message would go through from:-: 
to reader in about 2 minutes, and a reply 
back within another 2 minutes if the subjects 
permitted an immediate answer. A properly d 
system of telegraphy' would deliver a long ;: 
from a correspondent in London to a correspond 
Paris within 10 minutes. The new telegray’ 
nothing to fear from the air mail. 

So far as the postal service is concerned, 
mental advantage is the extremely cheap rate of 
ljd. per letter, and the letter may contain ‘ 
thousand words if closely typed on thin pa 
reason for this cheapness is that the paper and: 
of an ordinary letter are not supplied by the Posj| 
and the labour of writing or typing the lettell 
done by the Post Office. There is distinct ma 
labour-saving in this, or, more strictly, a 
labour and cost of material from the Post O 
individual or firm, just as automatic telephones 
the labour of making a connection from the 
girl to the subscriber. It will be seen that 
development of the telegraphs foreshadowed., _ 
paper will effect the same transfer of labourgn 
telegraph ad min istration to the individual AB 
Another advantage of the postal service is that;,C 
and other documents that cannot be telegraw 
telephoned can be sent easily and cheaply by post 
great handicap of the mail, and one main, IWg 
its cheapness, is its extreme slowness, at thyj 
60 miles an hour on land, and by sea not more that 
25 miles an hour, and even by aeroplane not mo? 
120 miles an hour. For short distances wot? 
limits this drawback is trifling and, on accoung 
extreme cheapness of the service, all co mmjM 
that can stand a few hours’ delay will always 
post within city limits. The greater the ‘JJ 
however, the greater the advantage of the® 
for messages requiring speedy delivery. .i|B 
There is appropriate work for each of the,OT 
vices of communication, the post, the telegSjj 
the telephone. There are certain things tBa 
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do better than the other two, and during the next 
tef 0 f a century the telegraph will recover ground 
through transient causes, has been lost to the 


telephone and postal service. 

. j-j ie de fects of the telegraph service. — The defects 

1 the telegraph service are not appreciable to the 
° ,, n „ e man. and it is not until we begin to consider 
hotv'the telegraph service might be improved and how 

• .• ir is compared with the telephone, that we 
ulterior it B r r 

realise that it is slow, costly and inaccessible, i-or 
moderate distances the telephone is as cheap as the 
Setter post, and we can get through to anyone we want 
in a minute or two. The telephone is quick, cheap and 
verv accessible. At my desk I am in close, quick and 
cheap touch with London, thanks to the telephone, 
uid I ought to be in similar touch with the world by 
telegraph, but I am not. The telegraph does not possess 
tiie close linkage enjoyed by the telephone with the 
business world. It is true that I can telephone a tele- 
gram to the Central Telegraph Office, and so speed up 
the telegram to some extent ; but at the Central Tele- 
graph Office my telegram or cablegram has to do a 
iot of " circulating " before it reaches the point of 
departure over the telegraph line or the ocean cable, 
and at the other end it has to do more “ circulating ” 
before reaching its destination. The telephone-tele- 
gram, or, as the British Post Office calls it, the “ phono- 
gram ” service is a valuable facility for an occasional 
telegram or cablegram ; but it is a nuisance if one has 
to send many telegrams, and it is far from accurate, 
unless the message is repeated and the words spelled 
out analogically, “ T " for Tommy, “ H " for Harry, 
and " E ” for Edward. That makes it irritatingly 
slow when sending many telegrams. The telegraph, 
with proper machinery, could beat the phonogram with 
ease when numbers of messages are concerned. Obvi- 
ously, compared with the telephone, the telegraph is at 
present very inaccessible, and it is nothing like so 
quick. It is cheaper for long distances, but dearer for 
short. 

The defects of the telegraph are clearly not due 
to lack of circuit facilities. There are enough telegraph 
circuits to carry more than double the present available 
traffic. There are, indeed, excessive circuit facilities, 
as will be explained presently. It will be found upon 
investigation that the shortcomings of the telegraph 
service are due almost entirely to defective terminal 
facilities. The patient's condition may be diagnosed 
as ' excessive circuit facilities and defective terminal 
facilities. " Fortunately the prognosis is favourable. 
. e terminal facilities are going to be greatly improved 
® course of the next 25 years, and the resulting 
increase of telegraph traffic will absorb the excess of 
circuit facilities. 

Looking at the telegraph situation to-day, we see good 
Organization and capable management ; but we also 
^ excessive development of circuit facilities, due to 
oompetition and to international jealousies and to 
Unforeseen technical improvements. Side by side 
^ffih the complaints about the unsatisfactory condition 
o the telegraph service, there are many reports in the 

css about more telegraph cables to be laid. New 
w onderful " permalloy ” cables are being made 
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to give 300 words a minute instead of 30 across the 
Atlantic ; the nations are insisting upon having their 
own cable and wireless services ; and investors are 
beginning to wonder where the traffic is to come from 
to pay interest on the heavy capital expenditure. 
Another important element in the creation of excessive 
circuit facilities is the widespread provision of telephone 
trunk lines, each composed of two wires ; and the 
ease and cheapness with which telegraph circuits can 
be created by superposition on these telephone trunk 
lines adds to the present superfluity of telegraph cir- 
cuits. Telegraph-circuit facilities are also increasing 
to an extraordinary extent in consequence of technical 
developments in radio-telegraph}', which have shed 
new light on the solution of old telegraph problems, 
and have shown how to split up one wire into 10 or more 
channels. There are phantom circuits, superposed 
circuits, carrier-current circuits or wired-wireless tele- 
graphy giving wonderfully increased carrying capacity ; 
and quite distinct from this are tone-selective methods 
or harmonic telegraphs, which appear at last to be 
getting on to a practical basis. Then, in addition, we 
have wireless telegraphy constantly improving its 
methods and range and practical carrying capacity. 
Some time ago that wise old institution, the British 
Post Office, seeing how matters were developing, altered 
the wording of its contracts for leasing wires by inserting 
the words “ channel of communication ” instead of 
" wire,” so as to reap the benefit of the rental of, say, 
10 or more channels into which one wire may now be 
split up. It is probably not an exaggeration to say 
that the present telegraph plant of the world, wire and 
wireless, can handle twice the present volume of traffic : 
and technical developments, now past the experimental 
stage, can multiply the present telegram-carrying 
capacity by 10. In other words, the telegraph circuit 
facilities of the world are, on the average, at least twice 
as great as the available traffic, and these facilities, 
by the expenditure of 15 to 20 millions sterling, can 
be increased sufficiently to handle from 15 to 20 times 
the present traffic. 

*But these wonderful facilities suffer from a grave 
defect. They do not link up closely with the business 
man. The telephone does, and the telegraph does not. 
The telegraph has to get the assistance of the telephone 
to complete the linkage. That is quite satisfactory 
for the occasional telegram and for the private and 
domestic message ; but big users of the telegraph 
require something better. They need a telegraph 
linkage that will put them directly in touch with their 
correspondents, just as the telephone does. The really 
important part of the telegraph traffic is that devoted 
to business, and this paper is concerned chiefly with 
business telegraphy. 

There is another important point to be borne in mind 
when considering, future telegraph developments, and 
that is the underground cable. The world cannot afford 
to have communication between its great cities inter- 
rupted by the weather. Within comparatively few 
years all big cities will be connected by underground 
cables both for telegraphs and telephones, and this 
will alter the aspect of circuit facilities. Underground 
cables give conditions which are so stable and so free 
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from disturbance when loop circuits are used, that circuit 
facilities depending on the use of feeble high-frequency- 
vibrations will become much more usable than they 
are at present. Aerial lines have to be employed as 
loop circuits like telephone lines to get satisfactory 
results by these new high-frequency methods, and it is a 
very interesting question whether such high-frequency 
aerial-loop circuits can show any commercial advantage 
over the ordinary multiplex. On underground cables, 
however, the conditions are very favourable, and atten- 
tion is being directed to the question of using carrier- 
current methods, or, more strictly speaking, voice- 
frequency or tone-selective telegraphy for underground 
wires. American engineers — including particularly those 
of the Western Electric Co. and the American Telegraph 
and Telephone Co. — who have achieved such remarkable 
results with the carrier-current principle, have also 
employed these voice-frequency methods ; and Siemens 
and Halske in Germany have worked along similar lines. 
The latter have issued an interesting pamphlet describing 
their system of “ Tonfrequenzwechs^lstromtelegraphie." 
Using only telephone frequencies, fair distances can be 
spanned without repeaters by such systems, and, by 
employing the multiplex on each tone-selective cir- 
cuit, two wires could provide 40 traffic channels. In 
the case of the Siemens and Halske system, the pressure 
used on the line is only 1 volt (underground circuits being 
free from weather and other disturbances), and there- 
fore no trouble is caused in neighbouring telephone 
loops in the same cable. 

Of course the plain multiplex, working duplex, can 
give 12 channels on a single wire without difficulty, and 
there is nothing inherently impossible in working the 
ordinary multiplex up to 12 channels each way simul- 
taneously on one stable circuit such as an underground 
cable can give, should the improvement of terminal 
facilities create a demand for increased circuit facilities. 
Indeed there are grounds for contending that for the 
wire-splitting required by the new telegraphy, the 
unaided multiplex is superior to any other method on 
lines of considerable length. 

(6) They arise from lack of terminal facilities . — 
Although telegraph circuit facilities greater exceed 
present requirements, there is one respect in which the 
telegraphs are very deficient, and that is in terminal 
facilities, or, in other words, in machinery, which in 
most countries is still old, inefficient, clumsy and stupid. 
No doubt this will provoke a smile, and people will say 
that I, as a telegraph machinery merchant, am using 
the shoemaker’s argument that there is nothing like 
leather. It is true, nevertheless. The terminal facilities 
are bad and incomplete, and it is because of the defective 
terminal facilities that the telegraph lags so far behind 
the telephone. Also, a large portion of telegraph traffic 
is still handled by the morse key. That is the same thing 
as using a pen. We have to use a pen to sign letters, 
and the morse key will always be with us ; but letters 
are typed nowadays, and the typewriter keyboard 
should be as supreme in telegraphy as it is in business. 
That condition is coming rapidly. It is in full flood in 
the United States, and it is to significant developments 
in the United States that I want to call special attention 
this evening. The era is beginning when typewriter 
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keyboards in the offices of business men will not njjl 
type letters, but will type and transmit telesl 
direct to correspondents in any part of the wc 
At last the missing link will have been supplied** 
the telegraph service will secure the direct contfefi 
with business that has been so long the monopolyof 
telephone. 

In certain cases this is not a new development.!® 
the past 10 years at least, the distribution of news, 
instance, has been linked up directly from the * 
centres to the newspapers, and the news distril 
network in English-speaking countries is cheap and 
and highly efficient. Also stock and exchange bro 
in big centres like London and New York have no 
to complain about, though the telegraph se 
be improved, even in their case, by the incre; 
of the typewriter keyboard. It is in connectio 
the banks, the big financial houses, large hot 
stores, the railways, great industries and manufac 
plants, and, above all, the great farming industry,., i 
a quicker, cheaper and more accessible telegraph ■ 
is badly wanted. AJ 

It is true that the telegraph has already been b: 
into offices and factories, but only to a relatively m 
extent. There are many firms using rented tel 
wires with morse key and sounder and morse op 
especially in the United States. In this country;,^ 
brokers and other firms use the telegraph to some e: 
but they are hampered by the necessity of emp 
a skilled morse operator at each end of the line, 
cannot ring up anybody by telegraph, as they 
telephone. In other words their telegraph s 
poor. It is cribbed, cabined and confined to ones 
spondent. Even now, stockbrokers, for ins 
Glasgow, are each glad to pay nearly £4 000 a) 
a private telephone line to London, though the t 
is notoriously bad for transmitting figures. A t 
wire with the morse key would be cheaper, but i 
be too slow. Competition is keen and a delayer! 

3 seconds in getting prices from London will‘r 
business going to a competitor. There is : 
considerable cost in wages of a morse operator.' 
end of the line. 
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Part 2. 

The Twin Remedies. 


(1) Start-stop printers . — The defective termini 
; ties are due to a variety of causes ; amongst ! 
j lack of faith and foresight on the part oi 'i 
administrations, and to a determination to bu; 
by encouraging competition to such an ex- 
telegraph manufacturing does not pay. Tb 
natural tendency on the part of big consum< 
courage competition amongst manufacturers W 
them. The officials in the Reichspostamt . 
long before the war, told me they liked to. 
competition, as they did not want the." Rei 
to be at the mercy of one firm. This is the o 
policy of “ Divide and Conquer,” and certain] 
telegraph inventors and manufacturers are a 
race of helots who have made no particul 
to the present out of printing telegraphy, or 
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fit in proportion to their efforts and to the service 
*hev have rendered. This has resulted in telegraph 
development work being starved and stunted. Also 
he inventive and development work has been very 
intricate and deceptive. Arrangements generally recog- 
! ' zed as excellent have proved to be hopeless in practice ; 

0 ther solutions, that looked unpromising, have 
'roved to be good. Lack of capital, lack of experience, 
lack of knowledge of the best ways, have all put the 
brake on progress until comparatively recently. Printing 
telegraphy has been a tropical jungle, with the axe in 
use'all the time, and no compass and no map. tt is 
on lv within the last 10 years that the multiplex in its 
modern form, with typewriter keyboards and speeds to 
correspond, has won acceptance as the best machinery 
for trunk-line telegraphy ; and it is only within the last 
2 or 3 years that the second great step, probably the 
greatest step of all, has been taken in the successful 
development of start-stop printers. It is only just 
dawning on the telegraph world what an immensely 
important thing the start-stop printer really is, and that 
it is the long-sought missing-link which will complete 
the telegraph network and give the world a really 
efficient telegraph service corresponding to the highly 
satisfactory telephone service to which we have been 
accustomed for years. It is true that in some countries 
the telephone service is not efficient ; but that is not the 
fault of the inventors and manufacturers. The equip- 
ment is available. In the case of the telegraphs the 
equipment has not been available until now. 

Before dealing more in detail with the start-stop 
printer special attention must be devoted to the question 
of using start-stop printers like the teletype, through 
telephone exchanges or through special teletype 
exchanges. Telephone experts inform me that there 
are grave engineering objections to the employment of 
telegraph machines through a telephone exchange ; 
but these difficulties are not insuperable. During a 
recent visit to Paris, I was informed that a telephone 
engineer in the French Administration had devised a 
very simple instrument which would enable the teletype 
to be worked through any telephone exchange. I was 
also informed that a second device for the same purpose 
bad been invented in Paris. I have no details, but I 
suppose it is done by that modem lamp of Aladdin, 
the valve, which enables very feeble currents to be used. 
In France considerable importance appears to be attached 
by technical men to this possible development of using 
the teletype in conjunction with the telephone for 
working through telephone exchanges ; but it would 
appear to be better in all respects to have separate 
teletype exchanges. (I may explain here that in this 
Paper I am using the word “ teletype ” more or less as 
a generic term. What is said, of course, applies equally 
well to any other printer designed for the conditions of 
the service.) 

Apart from the engineering difficulties, one argument 
that has been advanced against the use of the teletype 
other start-stop printers on telephone lines, is that 
f Uc h an arrangement would load up the telephone wires 
a very undesirable manner. Subscribers to the 
ephone service buy the right to communicate with 
er subscribers, and if the other subscribers block up 


their wires with teletype as well as telephone communi- 
cation, the result will be either that there will have to 
be special teletype as well as telephone wires, or the 
engaged signal will be heard much oftener than now and 
subscribers will not get what they pay for, namely, quick 
telephone service. 

There are two answers to this argument. In the first 
place, if a subscriber loads his telephone line to such an 
extent that other subscribers have difficulty in getting 
through to him, the proper remedy is for him to get 
another telephone line, and in fairness to other subscribers 
the telephone authorities quite rightly insist on his 
doing so. The other answer is that the use of the tele- 
type will not in this generation exceed, say, 5 or 10 
per cent of the telephone calls, and the effect of this 
on the telephone traffic load would be trilling — and it 
would be much less if the subscribers making much use 
of the teletype had separate wires. 

(2) The teletype exchange.— Evidently, however, the 
separate teletype exchange is the best arrangement ; 
but this does not mean that there will be separate 
teletype exchange buildings. The telegraph traffic 
would not warrant such expense, except in a few special 
cases. By a separate teletype exchange I mean a small 
separate section in a telephone exchange devoted exclu- 
sively to start-stop telegraph circuits. It will be seen 
that such provision for teletype work will be sufficient 
if we realize that a total of 50 000 teletype exchange 
subscribers in London would probably not be reached 
for many years, though much will depend on the price 
of the teletypes. If they ever come down to the price 
of tvpewriters (and this is a possibility within the next 
25 years') the number of teletypes in use would grow 
immenselv, and no business man could afford to be 
without a telephone, a teletype, a typewriter, and a 
typist. The problem of the next year or two, however, 
will be to provide for perhaps 1 000 or 2 000 teletype 
subscribers. To this number would be added the local 
post offices and telegraph substations, telegraph offices 
in big hotels and stores, and also a big central teletype 
exchange at the Central Telegraph Office in London, 
for* handling all the telegraph traffic reaching that 
office. Clearly 1 000 or 2 000 teletype subscribers divided 
over 100 telephone exchanges in London would not 
cause much inconvenience by the requirement of a 
special teletype section, and even 50 000 teletype sub- 
scribers would only average 500 for each exchange. 
On the other hand, probably most of the teletype sub- 
scribers would be concentrated in the City, and it would 
be cheaper and quicker to take them direct to the 
central teletype exchange at the Central Telegraph 
Office. 

The teletype exchange equipment would be substan- 
tially the same as for telephones, and, as the maintenance 
and supervision would be the same and by the same 
staffs, the cost of a teletype section in a telephone 
exchange would therefore not be great. 

Although there are engineering difficulties in working 
telegraph apparatus through telephone exchanges, it 
ought to be practicable for a subscriber having one tele- 
phone line and a teletype to ring up the telephone 
exchange and say “ teletypes." He would then be 
plugged through to the teletype section, and it would 
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appear to be a simple matter for the teletype section j 
to cut off his telephone loop completely from the tele- ■ 
phone exchange and connect it to the teletype section. 
Wiring alterations would have to be made, but the 
alteration for each subscriber ought not to be great or 
costly. The subscriber havinggot through to the teletype 
section, a switch in his office would enable him to cut out 
the telephone and cut in the teletype. He would then 
teletype to the teletype exchange stating his require- 
ments, and he would be put through in the same way 
by the aid of the telephone in the case of a local call, 
or direct to the central teletype exchange for a trunk 
or long-distance call, and he would then have his message 
typed direct at its destination. The sine qua non for 
improvement of the telegraph service is close co-opera- 
tion between the telegraphs and the telephones, and the 
foregoing teletype call is an illustration. 

(3) Resulting in the new telegraphy . — -The teletype 
exchange plan, if it succeeds, will in time effect a complete 
revolution in telegraph methods and ‘organization in 
head telegraph offices, especially in large cities, which 
will be provided with automatic telephone exchange 
equipment for the teletype exchange. The telegraph 
operator belongs to a doomed profession and he will 
disappear, for the same reason that the telephone girl 
is being driven out by the automatic telephone switches. 
On the other hand, there will be an increase in the number 
of engineers, and gangs of mechanics will wander about 
in the otherwise silent and deserted galleries at St. 
Martin's-le-Grand, and the screwdriver and the soldering 
iron will take the place of the morse key and sounder. 
The general public will continue to write out their 
occasional telegrams and hand them in at the nearest 
telegraph office. There, calls will be put through to 
Glasgow’ or Manchester or elsewhere, and the telegrams 
will be teletyped direct to their destinations. Every 
hotel and public place will have a teletype for delivery 
and reception of telegrams. There will be teletype call- 
offices or pay-stations at hotels, big stores, underground 
stations, post offices and other convenient centres, where 
it will be possible to use the teletype on simila^ terms 
to the telephone in similar circumstances, namely, 
payment of a sum according to time and distance. 

The teletype can be left ready for receiving messages 
all night. Unlike the telephone, the teletype records 
messages without human assistance, and when the 
business man comes to his office in the morning he will 
find telegrams and cablegrams that have arrived during 
the night or early morning. For example, if we are in 
a country village in Kent and late at night we receive 
by telephone an important telegram from McDonald 
and Co. in Glasgow, we shall telephone our reply as a 
phonogram to the nearest telegraph office. There a 
teletype call will be put through to McDonald and Co. 
in Glasgow and the message will be printed direct on a 
teletype in their silent and deserted office ready for action 
when the office opens in the morning. There will be 
only one transmission and only one typing of our message, 
and there will be no “ circulating " and no telegraph 
operator and no message-boy in Glasgow. The message 
will go direct and be recorded without human labour. 
Kleinschmidt makes a feature of this point in his adver- 
tisements of his start-stop printer. It records messages 
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all night in empty offices at railway stations readjSI 
the staff in the morning. 

As another example of the new telegraphy, let usppi 
sider a large manufacturing plant, say in Newcastj 
equipped with start-stop printers, such as teletype 
There would be a private-branch teletype exchanges 
well as the usual private-branch telephone exchaifij 
Orders and other departmental communications qtgj 
have to he typed would go through the private telety 
exchange, and anv department could at once send 
telegram through the private teletype exchange oi 
the Post Office telegraph wires, let us say, to a fir 
Glasgow, the Post Office plugging the department d 
through to the Glasgow firm, and the department wpj 
get a reply probably at once, or at any rate with, 
a few minutes’ delay. That would be far more conven 
and cheaper and quicker and more accurate than 
telephone. Similarly, any department of the big mar 
facturing plant could receive outside telegrams dias 
with substantial saving of time. In future days 
there will be a dozen of the new permalloy Atla 
cables in use, each working at 300 words a minutfgs 
each direction simultaneously, and all fitted witlyse 
tuple duplex multiplex, there will be no difficult 
sending a message from any department of the mg| 
facturing plant in Newcastle to San Francisco ortci 
American city, and getting a reply within 10 mintt 
subject always to the conditions of daylight best 
Europe and America. The circuit facilities will bi 
greater when half a dozen wireless beams work a< 
the Atlantic, each at 300 words a minute. 

Another important feature of the new telegraphy^ 
be the assistance it will give to small newspapers, y* 
cannot afford to have a private wire of their own.yti^ 
country, local suburban and weekly journals word 
glad if they could get news on 3-minute teletype 
It would be cheaper than the telephone, more rel 
and much more convenient, as the teletype wouldtj 
the messages ready for use. In most cases these ti ’ 
circuits would be superposed on telephone lines . 
teletype exchange is undoubtedly going to have a\ 
effect on the distribution of news. l'j|8 

(4) Printing telegraphs for farmers . — Still an 
example of the new telegraphy must be given b 
of its great importance, and because it will ope 
entirely new field for telegraphy. It may sound 
lous to people in Great Britain, where they 
industry is so backward and unprofitable, bi 
a fact that it is to the farming industry — the: 
and oldest of all industries in all countries-:-' 
start-stop printer will render the most important 
In other lands, and especially in new countries,? 
a very large and prosperous farming and plantat 
station- and ranch-owning class, especially .; 
America ; and market prices are just as vita 
farmers as to any stockbroker ; and anothf 
vital to the man who ploughs the land, as w 
the man who ploughs the sea, is the weatl 
sailor must rely for his weather reports on his 1 
and wireless, but not so the farmer, who can .a 
his teletype. • • 

In Australia the inch of rain is divided into,!] 
and weather reports are distributed and put 
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vern ment on the bulletin board at every country 
-'t office or railway station ; and the keen interest 
the se ttlers and station-owners take in these weather 
^ rts is astonishing. The fact that 3 points of rain 
IT • - fallen at a township 30 miles away is a matter of 
112 ise interest. Rainfall or no rainfall spells wealth 
ruin to the farmer and station-owner. In other 
hnds warnings about storms and blizzards are not less 
important. Prices of sheep and cattle, pigs, wool, 
!,„k‘S wheat, butter, coffee, tea, rubber, and other farm, 
station, plantation and ranch produce, not only at the 
nearest local market, but in the big markets of the 
coimtrv, and also the world prices, bring wealth or 
poverty to the man on the land. Next to the stock 
market and produce brokers, there is no other man in 
the world so interested in prices as the farmer, and the 
farmer's concern about the weather is proverbial. The 
latest market and weather reports are so valuable to 
him that he will pay gladly for them, just as the stock- 
broker pays willingly for his ticker service. Hitherto 
the farmer has never had an opportunity to pay for it. 
He will also appreciate getting a prompt service giving 
all the important news of the world. 

The start-stop printer, for the first time, fills the re- 
quirements of the farmer for a stock-ticker service and 
it is far and away superior to any stock-ticker. The 
speed is greater, 40 to 30 words a minute ; it will work 
over any distance, 5 000 miles if necessary ; it can be 
superposed on the farmer's telephone circuit ; it can be 
used on a farmer's party line jointly with other fanners ; 
and it has a keyboard on which the farmer can send out 
messages as well as receive them. After reading the 
market prices he can give immediate orders on the tele- 
type to buy or sell. By means of the teletype keyboard, 
he can communicate with his neighbours along the top 
wire of his fences. (In Australia, on the great sheep 
stations, the head station is always in communication 
with the outstations by telephone along the fencing 
wire.) Of course, start-stop printers are not suitable 
for the remote districts ; they need an occasional 
inspection and a drop of oil, and also electric power to 
drive them. That is a fairly simple matter in the settled 
districts of the world, where also the distances are not 
*o great as to render the cost of the telegraph or telephone 
line prohibitive ; but even in newly opened-up country 
*oth a sparse population there is always the local post 
and telegraph office (often the general store and centre 
of gossip for the whole countryside), and a teletype at 
, *Uch a centre would pour out invaluable news of the 
s World, including prices and weather reports, printed on 
tape ready for the bulletin board, giving a Hood of news 
■ r“ a ’ : c °uld not be received in any other way. In such a 
■ 6886 the electric power problem would be difficult, but 
raot insoluble. 

Taking more particularly the United States, because 
■E? ™ e enormous number of very prosperous farmers in 
t country it is obvious that farm news-distributing 
. ganizations will spring up all over the country for the 
r“PP y of market and weather reports and other news 
interest to farmers, and the farmers will have the 
^PP°rtunity of talking back on the keyboard of the tele- 
e ’ It may be said that it will be cheaper for the 
ers to listen to market and weather reports broadcast 
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by wireless ; but a little consideration will show how 
hopeless that is. To get wireless reports the farmer 
or some member of his household would have to be in 
attendance at fixed hours to write down the wireless 
news. The idea of a farmer or his wife or family trying 
to note down market prices rattled off quickly by wireless 
is absurd. Even if this were possible, there are the 
inaccuracy of wireless, interference troubles and at- 
mospherics, and there is no way of answering back. The 
only practical plan is a tape-printing teletype recording 
any news accurately in . plain type without human 
labour, and on duty at all hours. The farmer and his 
household can read the news and market reports at 
any time at leisure and he can also get a service of 
general news. The market reports can be far fuller, 
as well as far more accurate, than would be possible by 
any wireless distribution, and far quicker than through 
any newspaper. The teletype will bring the farmer 
right into the Chicago Wheat Pit and other market 
centres. He will know and compare the latest prices 
straight from the sales of his local market town and also 
from the big centres of the world. 

The prosperous farmer in America and many other 
countries has his telephone and his motor-car as a matter 
of course, and it is certain that as soon as the opportunity 
presents itself and he gets accustomed to the idea, he 
will add the teletype to his telephone and his wireless 
set, and in time he will value his teletype above all his 
earthlv treasures. When the farmers of the world adopt 
the teletype superposed on their telephone circuits, we 
shall have real telegraphy — a vast printing-telegraph 
network of wire nerves linking up all industries and all 
countries. 

(5) Starting the nezu telegraphy . — That this idea of 
teletype exchanges on the lines of telephone exchanges 
is not a mere speculation is shewn by very interesting 
developments in the United States. Realizing the 
importance of the machines, the Western Union Tele- 
graph Co. has been giving careful attention to the 
development of start-stop printers for some years, 
and this class of machine appears at last to have reached 
a sufficiently reliable and permanent form to justify the 
Western Union in offering to furnish its patrons with 
printing-telegraph service. That will, of course, include 
circuits and printers connecting patrons to the head tele- 
graph office of the Western Union in each city. The 
Western Union will also no doubt supply what is known 
as point-to-point service— that is to say, will connect 
any two points desired by telegraph lines and start-stop 
printers. In other words the Western Union is arranging 
to sell telegraph typewriter service to business men 
and firms — that is to say, to subscribers. Assuming 
that the scheme proves popular and commercially 
profitable, then the Western Union will have hundreds 
of subscribers in New York alone, to say nothing of 
other cities. Inevitably the company will have to supply 
intercommunication between these subscribers. The 
object of the subscribers or business men buying printing- 
telegraph service in New York will be to send and 
receive telegrams quickly, and they will want to do that 
between each other and also over long-distance telegraph 
wires with subscribers in other cities. It is clear that if 
the Western Union can secure a considerable number 
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of telegraph typewriter subscribers in the leading cities 
of the United States, then the printing-telegraph 
exchange and the new telegraphy will have been success- 
fully inaugurated. The Western Union being a very big, 
old telegraph company with great resources and 50 years 
of accumulated experience of printing-telegraphy in 
all its forms, and operating in a great and highly indus- 
trialized community, is specially qualified for making 
a success of the new telegraphy, if that is commercially 
possible under present conditions. 

Another element that makes for progress is competi- 
tion, and the Bell Telephone Co. is starting to sell tele- 
graph typewriter service to business men in Chicago 
on similar lines to the Western Union. Chicago, being 
a great business centre in the heart of the United States, 
is very favourably situated for the growth of the new 
telegraphy. I have a copy of a handsome booklet, 
artistically illustrated and persuasively written, which 
the Bell Telephone Co. is issuing in Chicago, with the 
idea of inducing business men to buy printing-telegraph 
service. It does not propose to establish a printing- 
telegraph exchange, but simply to supply wires and 
printing-telegraph apparatus to enable firms to link 
up their various branches and offices by a private 
printing-telegraph wire system. Although there is no 
mention in the pamphlet of a printing- telegraph ex- 
change, a moment’s reflection will show that, just as 
in the case of the Western Union, the existence of a 
number of private printing-telegraph networks each 
linking up the various branches of one firm's activities 
in Chicago would soon lead to a demand for intercom- 
munication facilities, and that would result in a printing- 
telegraph exchange. If the Bell Telephone Co. finds that 
selling printing-telegraph sendee to business men and 
firms in Chicago is profitable, then it will lead inevit- 
ably to the teletype exchange and so on step by step to 
the new telegraphy. The pamphlet is called: “The 
Doorway of Opportunity ” — " Telephone Typewriter 
Service ” — " It Typewrites by Wire.” 

(fi) “ The Doorway of Opportunity .” — The booklet de- 
scribes some of the attractive features of the telephone 
typewriter service, and as the subject is of such gfeat 
importance I quote some of the paragraphs as follows : — 

“ Modern business of to-day is very largely 
conducted by means of the telephone and the type- 
writer. It has long been felt that if these two giants 
of industry could be combined and efficiently operated 
as one unit, we would have made long strides in 
furnishing the business world with the last words 
in telephony. After years of study and research 
work, we feel that we are now able to furnish to 
our patrons a machine that will efficiently combine 
these two. This machine is known as the Telephone- 
Typewriter. 

“ This is not a new and untried service. For a 
number of years it has been in daily use by modem 
business organizations for the rapid and constant 
transmission of typewritten communications between 
the executive office — branch offices — warehouses — 
mills — factories located in distant cities, by the Long 
Lines Department of the American Telephone and 


Telegraph Co. in transmitting official comm imjM 
to all of their offices located in principal citiajS 
by the Associated Press in accurately 
ditiously distributing current news simultaneous 
its newspaper clients. 

“ Messages can be typewritten in your offir&M 
come out at one or more of your local or distant* 
with a home record. ISTo operator or attends® 
necessary at the receiving end. • . 

“ It will do practically anything a typewrit&| 
do and can be operated by anyone who can oni 
a typewriter. 

‘ ‘ This serv ice is now being used by a number of mm 
business organizations, Press Associations andf^S 
papers with very' satisfactory results in the ban! 
of messages, letters, routine matters, such as’ ! <m 
tions, administration, sales, purchasing, statraS 
of stocks on hand, shipments, orders, quota! 
accounting and for the dissemination of news^S 

" This service may also be used for conferenqjj 
poses between groups at different offices, locally* 
distant cities, thus effecting the saving of a'$| 
amount of time and expense incurred by traveffi 

“ Your branch office is no farther away ffcSa 
than the telephone typewriter.” 

" Telephone Typewriter Service will be |a 
dependable and economical as an ad j unct^'to 
telephone for the transmission of commune 
in factories, banks, hotels, and mail-order hot 
between the sales, order, credit, accounting 
shipping departments and the executive officefg 
establishment ; accurately and privately wil 
loss of time or error in giving or taking instructs 

“ We have established a Telephone Typj® 
Service department and will, without charge, vat 
study of your communication requirements to asoe 
if the Telephone Typewriter Service will be at 
tageous to you in the conduct of your businesSj 

A skeleton map is given showing combination, ch 
for the telephone typewriter service within thegQ 
Chicago and nearby territory. Five circuits are jilt 
each connecting in series from seven to nine cia 
suburban centres. One line, for instance,;, cob 
the General Office in Chicago with branch®! 
Factory, Maywood, Melrose-park, WheatonjB 
Chicago, Aurora and Elgin. The illustrations* 
the Morkrum typewheel teletype, which prints 
at 40 words a minute, and the Morkrum typeb|| 
teletype which prints on sheets of paper at. 60^ 
minute. The pamphlet concludes with the statis 
“ Our telephone typewriter department will appj 
the opportunity of calling on you and explaMHS 
service more in detail.” 

The publication of such a booklet by a grea^g 
like the Bell Telephone Co., and the corfeq® 
movement by the Western Union, show that this! 
cannot be dismissed as idealistic dreaming. 

Assuming that teletype exchanges are sucS| 
established by the Western Union and the Bell TJs| 
Co. in the leading cities of the United States, tbe9 
be a comparatively short step to link up these#® 
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f? Ranges by trunk telegraph wires all over America. 

■ 0f course, in the case of the Bell Telephone Co. , telegraph 
P jjjcmts superposed on its telephone lines will be used, 
| ni j various systems of multiplexing the trunk wires 
will also be put into operation more extensively than 
now. 

’ 7 ) Home results . — The result of this development 

w ,jl be that a business man in New York, wishing to 
euuimimicate with a business man in San Francisco, 

. ,(,11 get through to his teletype exchange and be con- 

Btvted to his San Francisco correspondent, with a certain 
f amount of uday similar to, but less than, that which 
■' takes place in putting through a telephone trunk call. 
Once connected, a typist in his office will teletype the 
business communication, and in many cases an immediate 
answer will come back on the teletype. In this way 
business will be linked up directly to the telegraph 
network, just as it is now linked up to the telephone 
• service, and the present telegraph delays will be elimi- 
- hated. There will be much greater accuracy than with 
the telephone and there will also be the advantage of 
i much cheaper rates of communication than are possible 
f" »«th the telephone service ; multiplexed telegraph 
' wires being far cheaper than telephone wires. In fact, 

; in the case of an immense concern like the Bell Telephone 
i Co. the use of its telegraph circuits in this way will 
really be the utilization of a by-procluct of its telephone 
g business. The same remarks apply in the case of the 
British Post Office and other administrations supplving 
■ telegraph and telephone service. The economies that 
will be effected by cutting out ail telegraph labour, and 
bv transmitting and printing direct, have alreadv been 
explained. 

One remarkable idea in connection with the proposed 
teletype exchange scheme hinted at in the Bell Tele- i 
pamphlet is its use for conferences, because the i 
teletypes at each point could be linked up so that all ; 
Would record the messages transmitted at each station. 
*~ f a do “ en business men, 10 or 20 or 1 000 miles apart, j 
together by teletype for a conference at very j 
v, rt not '°6. The teletypes in each office would record i 
and T UteS t ^ le cou t erei ’- ce . including the discussion ! 

t e full text of the resolutions passed or decisions j 
'e at, and each member of the conference would j 
e a complete typed record of the proceedings in his i 
gririf j ‘^ so ’ the conference would be secret. There 1 
|L_. e no overhearing or eavesdropping. The tele- | 
,? n ° ua S e * s spoken and understood only by teletypes, j 
e code-bars can be mixed at will to scramble | 
essages and make them doubly secure against 
earing by outsiders. There is something deeply 
sive about this idea of a conference taking place 
n men hundreds or even thousands of miles apart, 
Oj 0 SOund but the slight tapping of the typebars, 

„ ® mea * n silence, each alone, watching the words j 
ecor ed, or transmitting on his keyboard. Not j 
Prec^ Cretar ^ need know about it. The saving of | 
td b *° US ^ me business or political magnates 
b co' if reat ’ and the acceleration of the business, 
of tl] U n0t ot berwise be transacted until the mem- 
tailw COrderence had actually met after much delay 
®ns * ^ travelling, would be important. Vital ! 
^ght be made in this way possibly a week ' i 
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sooner than would otherwise be possible. Take, for 
i instance, the British Government ; an urgent meeting 
, of the Cabinet could be held and decisions arrived at 
i with the members of the Cabinet scattered all over the 
country. Members of Parliament could confer with 
their constituents, and even international conferences 
could be held in this way with every advantage of 
secret diplomacy. * The only parallel to such a tele- 
type conference would be a wireless telephone conference 
between heads of Governments, to which all the world 
would listen in, and we should have “ open covenants 
openly arrived at.” 

i Returning again to realities, the new telegraphy 
| w ith its cheap and quick long-distance communication 
! will be an immense boon to the industrial and financial 
I world, and many interesting practical results of political 
j and social importance will flow from it. Two may be 
; briefly referred to as illustrations. One will be the 
j upsetting of the present balance of telegraph and 
| telephone interests in the United States, the probable 
: result being consolidation under the control of the Inter- 
| state Commerce Commission. The new telegraphy 
j will lead inevitably to competing teletype exchanges 
| in each city. This development will be as great a 
j nuisance as competing telephone exchanges, and the 
| public convenience will be best served by consolidation, 
the result being a telegraph and telephone organization 
in the U nited States by far the largest and most remark- 
able in the world. Another result will be increased 
impetus to the extension of the Garden City movement 
and decentralization. Obviously the great book-keeping 
industry can be carried on in low-rented premises in 
pleasant surroundings in the country just as well as in 
London city offices, dirty, smoky and dark, and costing 
: exorbitant sums for rent. The teletype and the telephone 
\ bring the Garden City book-keeping factory alongside 
the London city office, which will contract into a show- 
i room and calling-place for visitors. This process of 
: decentralization in connection with factory work has 
! been going on for years and the teletype and telephone 
will extend and accelerate the process. 

Af these great changes will be brought about by the 
start-stop telegraph printer, it will be realized that this 
is a machine of outstanding commercial and political 
importance. 

(8) How the teletype exchanges will work. — Just as 
in the case of the telephone service, there will be private- 
branch teletype exchanges, and these will of course 
connect up to the main telegraph network of the country 
through the city teletype exchange. In Chicago, for 
instance, the Morrison Hotel is equipped with 32 of 
the little tape teletypes, forming an internal inter- 
communicating system in all respects like a private- 
branch telephone exchange, and other American hotels 
are being fitted in the same -way. Naturally, these 
private-branch exchanges will be linked up with their 
respective city teletype exchanges and in this way 
put in telegraphic communication with the whole of 
America and, in the course of time, via the new 300- 
words-a-minute Atlantic cables, also with Europe. 

It is possible that the number of teletype subscribers 
in one city may not, for many years, be more than one 
exchange could handle, and in that case the teletype 
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exchange would be situated in the chief telegraph office 
of each city. This, however, would depend on the size 
of the citv and the length of the local lines to connect 
subscribers to the teletype exchange. It is a detail 
that will be settled by local circumstances. In London, 
for instance, there will probably be teletype sections in 
most of the telephone exchanges, with a big central 
teletype exchange at the Central Telegraph Office. 

This telegraph service will be paid for just as the 
telephone service is paid for. There will be a local 
message rate, and time and distance rates for trunk 
or long-distance messages. Fortunately for this new 
development of the telegraphs, most of the problems 
have already been worked out in connection \s ith the 
telephones, and telephone technique will be used in the 
teletype exchanges and wherever else it can be employed 
with advantage. The mechanism of telephone exchanges, 
with some modifications, will do equally well for teletype 
exchanges. A subscriber will be able to ring up any 
other subscriber, with all the usual “ engaged and other 
sijnals ; but the teletype subscriber will have an 
advantage that he cannot have now on the telephone 
tniti service. Suppose he is a London merchant. He 
will be able to ask the Central Telegraph Office in London 
to put him through to Glasgow, and he will be put 
through exactly as now in the case of a trunk telephone 
call — with this important difference, that the delay in 
getting through will probably be small in the case of 
the telegraph service, perhaps not more than a minute 
or two, or even with no delay at all, because there will 
be far more “ channels of communication ” available 
to Glasgow and other cities than would be financially 
possible in the case of the telephone. A single telegraph 
wire will give at least six separate channels, compared 
with one channel of communication on two telephone 
wires. Take, for instance, some results obtained by the 
Western Electric Co. on four aerial wires between 
Chicago and Omaha, 450 miles. These four wires gave 
three telephone circuits, four earthed telegraph circuits 
and no less than 20 two-way carrier telegraph circuits, 
or more than six “ channels of communication ” on eacH 
wire. 

In London alone about 18 minutes’ delay would be 
cut out by getting direct in this way to Glasgow, and 
even if the message were sent by the customer by 
telephone as a " phonogram ” it would still go to the 
phonogram room, where it would be written down and 
sent “ circulating ’’ until it reached the Glasgow circuit. 
On the average in a provincial telegraph office in Great 
Britain the “ transit time,” that is to say, the time 
elapsing from the handing over of a telegram by the 
public until it reaches the circuit over which it is 
to be transmitted, is about 5 minutes, and in London 
about 8 minutes. The average “ circuit delay," that 
is to say, the time that a telegram has to wait its turn 
at the circuit before being transmitted, is about 10 
minutes. This circuit delay corresponds to the delay 
in getting through on a trunk or long-distance telephone 
line. Hence, in provincial offices there is an average 
delay of 15 minutes from the time a message is handed 
in to a telegraph office until transmission begins over 
the telegraph line. In London this combined delay 
of transit time and circuit delay averages 18 minutes. 


There is also telegraph messenger time, wlii 
into anything from 5 minutes to half an ho 
depending on the size of the staff of messengers,! 
and the distance to be traversed. The 
new telegraphy is to cut out all these delays. . 

With teletype exchanges in operation, 

“ circulation ” of telegrams will give place. to 
switching and, finally, to automatic switchin 
is to say, the handling of telegrams will be* 
reduced, and instead of many telegrams being'-"" 
several times in the course of their wanderx 
will go straight through to their destinations,! 
modem loaf of bread, without being touched 
hand. At present some telegrams have act 
rewritten four or five times. A message han 
a suburban office in London is rewritten at tin 
Telegraph Office and then telegraphed, say, to 1 
where it is once more rewritten and sent to r 
suburban telegraph office, and once more 
before being delivered by a message-boy. , 
Obviously, cutting out the circulation of 
will eliminate great waste of time and labour, 
in big cities like London. Telegrams receiv 
Central Telegraph Office in London have to go 
an elaborate journey before reaching the Lot 
of the telegraph lines over which they are to 
mitted. They are taken in and dealt with by * 
clerks, blown through pneumatic tubes, shi 
distribution tables, pigeon-holed, and then. Jijj 
their respective circuits for transmission. D; 
takes place at the receiving office. There, -aapj 
delays in large offices where telegrams ha, 
retransmitted. They have to be circulated 
reach the right point for retransmission. - M 
stop printer and the teletype exchange will 
all this delay and waste of labour. Also the ii 
time- and labour-wasting process of checld 
counting the number of words in telegrams. | 

■ stage, unavoidable by present methods, will 
One count will be sufficient, and when transnj 
direct from the sender to the receiver of t hea 
there will be no counting at all, but a chargffl 
and distance. .«!■ 

With a start-stop printer and the teletype® 
the subscriber in London would communicate^ 
all obstructions, direct from his office in 
the office of his correspondent in Glasgow,|;jjg 
; if the message permitted, reply at once.;J|l 
this should be considerably cheaper than 
' telegram in the ordinary way, because na-jjji 
operators would be required. The work of sen 
telegram would be done by a typist in the r^j 
office, and all the handling of the messagM 
culating ” it to the Glasgow circuit would l; W| 
The cost and delay of the telegraph messe njj 
also disappear. In addition, as the cost 
graph line used in sending the message from 
to Glasgow would only be about one-twelfth. 
of a telephone circuit, the message ought to. ^ 
less than a telephone message to Glasgow^ 
duration of a teletype call could be reduced^ 

1 with a telephone call, from, say, 3 minutes tflaj 
The latest start-stop printers work well ra 
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oris a minute, and a good typist can do 60 words 
»t«ute easily. Hence 120 words could go through 
$ minutes, or 10 times as many words as the 
j-Mvord telegram for which the Post Office charges 
H dwiilng. Clearly there would be great economy to 
* - ptwt' Office through the adoption of this form of 
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- Post Office tnrougn rue auopoon oi mis iorm oi 
jpaphit and time- and distance-rates could be 
gttl that would be profitable to the Post Office 
yet attractive to business men. 

course, speaking in a general way, there is nothing 
in ali this, and therein lies good hope for success. 
- e j s nothing idealistic about it, and it is only a 
t extension of what is already done. The telephone 
it aireadv, and substituting a telegraph transmitter 
receiver for a telephone transmitter and receiver 
t not to disturb the most conservative mind, 
ler, there is nothing particularly new in this, even 
a telegraphic point of view. There are telegraph 
trator systems in all important telegraph offices, 
used to concentrate and save labour, but wijich 
y be regarded as germs of telegraph exchanges, 
is also the London intercommunication switch 
etl by the present Engineer-in-Chief of the British 
Office, Colonel T. E. Purves, and installed in 1902.* 
may be described as an official and not a public 
ttfcgmph exchange. It is a real telegraph exchange 
fiterconnecting London local telegraph offices ; but it 
not attempt the final linkage to business firms, 
use it uses the morse key, an instrument not com- 
ly practicable in such cases. Colonel Purves’s 
contains some very interesting information on 
subject of “through-switching" of telegraph 
ges. It was carried out in England as early 
1854, but it was used to connect telegraph office to 
'graph office and not subscriber to subscriber. The 
ph exchange plan was used and abandoned bv 
administrations many years ago, but Belgium 
CreC ^ the arrangement and it is still in use 
that country for morse telegraph working. Brieflv 
1 scheme is approximately Is follows .-—Station A, 
ccted by direct wire to station B, has a telegram for, 
station F, whom he calls on his line to B. There 
^ be more than one route from B to F, via, say, 
L ' 01 H, J ; the more appropriate route is 
} B and the call is passed on until F replies 
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* matter of fact the London intercommunication 
tar having been in use for 20 years, has 

y een killed by the competition of the tele- 
ana it is understood that the British Post Office 
• 0 a an don it. 1 he intercommunication switch 
designed to link up about 200 local 
tt ^ e ^ I ra P^ 1 °® ces so that telegrams could be 
y of th U ' CCt ' 3etween any of these local offices 
'itnota ^ ce ntral switching exchange. Obviously 
j Su scr iber system like a telephone exchange, 
ph 0 D0 ^ P ossess the great advantage of the 
ver the telephone of cheap long-distance 

with th a ^ e £ ra Ph exchange attempting to 
teleDho 6 te * e P^ one 011 ground most favourable 

* awav°fu NaturaU y the telephone has gradually 

( ,, e traffic until there is very little left 

telegraph Switching Systems,” by T. F. Purves. 
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for the intercommunication switch to handle. People 
will not spend a shilling for a 12- word .telegram in 
London with about an hour’s delay, when they can 
send and receive 1 000 words with no delay and for less 
than twopence by telephone. A local London service 
of threepenny telegrams might revive the inter- 
communication switch, especially if combined with 
start-stop printers. Also to extend the area of service, 
so as to bring in the advantage to the telegraph of longer 
lines, might help ; but it is on the subscriber, or what 
might be called the “ direct user," that the success 
of the new telegraphy will depend. 

It is necessary to point out the weaknesses of the 
London intercommunication switch, because its want 
of success will probably be used as an argument against 
the new telegraphy. A little space must therefore be 
devoted to it. Apart from the deadly competition of 
cheap short-line telephones at about one penny per 
message and answer, a telegraph exchange relying on 
the morse key and sounder cannot hope to be a success ; 
first, because average private users cannot afford the 
expense of keeping a morse operator, although they can 
and do habitually keep girl typists ; and secondly, 
because a morse operator sending needs a morse operator 
receiving. The start-stop printer solves these two 
difficulties. It supplies the private subscriber with a 
telegraph machine which his typists can use after a 
tew minutes practice and without additional expense 
for labour, and it substitutes an automatic and reliable 
machine in place of the receiving morse operator. In 
fact the morse operator will not be required. One 
typist can attend to half a dozen teletypes if the traffic 
is not heavy, and the receiving typist will be able to 
send at any moment when the line is free. There is 
also a possibility of some kin d of duplex working, 
giving simultaneous communication each way on the 
one wire. 

At present, in the case of these local London telegraph 
offices linked up by the intercommunication switch, 
the Post Office, and not subscribers, has to pay the wages 
of the morse operators at both ends of the lines. The 
teletype exchange with private subscribers will relieve 
the Post Office of payment of wages for a gradually 
increasing portion of the telegraph traffic. Another 
point not to be forgotten is that the start-stop printers 
will enable the typists to do about double as much work 
as with morse key and sounder, and a receiving typist 
will not be required for each printer. The engaged 
signal has seriously reduced the economic efficiency 
of the intercommunication switch, because paid Govern- 
ment operators are kept waiting. With private sub- 
scribers any loss due to engaged signals will not fall 
on the Government any more than in the case of tele- 
phones. In the case of a typist attending to several 
teletypes in a local telegraph office, acknowledgment 
of receipt of messages presents some difficulties, but 
a bell or a lamp signal at the end of messages would * 
warn and guide the attendant in giving acknowledgments 
of receipt of messages without unreasonable delay even 
if half a dozen printers required attention. 

Another plan would be to use the reservoir effect 
obtainable by means of receiving-tape perforators and 
retransmitters. This, however, introduces complexities. 
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to say nothing of perplexities, and probably the best 
plan is the “ engaged ’’ signal if a message cannot be 
accepted at once. 

It is to be noted that even the connecting-up of 
outside customers to telegraph offices is not new. The 
use of the Steljes step-by-step printer in this way is 
very old in England, and a similar arrangement has 
been in use in Germany for years, the little Ferndrucker 
of Siemens and Halske being very largely employed for 
the purpose. This, however, like the Steljes, is merely 
a step-by-step printer like a stock-ticker, provided with 
a tvpewriter keyboard, and the speed is low, about 
25 words a minute ; and, being on the step-by-step 
principle, neither the Steljes nor the Siemens Fern- 
drucker is satisfactory for working much beyond city 
limits. In “ Telegraph Switching Systems,” Colonel 
Purves mentions that ABC telegraph exchanges between 
ABC subscribers for direct telegraphy were in actual 
use in England in the late seventies, but the telephone 
swept them away. This is of real historical interest, 
because it shows that the telegraph would long ago 
have developed on the lines indicated in this paper if 
modem printing-telegraph machinery had been avail- 
able. As it was, the telephone, when it arrived, swept 
all before it. Whether the telegraph can recover lost 
ground now that the machinery is available, is purely 
a commercial question. 

The really new feature of the service about to be 
put into operation in America is the use of start-stop 
printing-telegraph machines capable of high speed, 
40 to SO words a minute, tape-printing or page-printing, 
and able to work with ease over thousands of miles, 
and capable also of linking up with the multiplex 
telegraph network of the country, and with the poten- 
tiality of sending messages automatically all over the 
world. That is quite new and of the greatest impor- 
tance, and it is the start-stop printer that has made 
this development possible. 

(9) Linking up the telegraph network. I have referred 
to the possibility of linking up the start-stop printers 
with multiplex trunk circuits. A good deal of worl* 
has been done in this direction by the Western Electric 
Co., and several years ago it exhibited in London 
an installation of its multiplex system with start-stop 
printer extensions from various channels. In a descrip- 
tion issued in the course of its demonstration, the 
company mentioned that the start-stop printer had been 
in duplex operation on a circuit 1 000 miles long between 
New York and Chicago with one girl operator at each 
end. This circuit was obtained by superposing on a 
telephone line, and the daily average load for 9 hours 
was 22 000 words, or about 1 000 messages. The 
company also mentioned that it is possible to provide 
intercommunication between a number of offices by 
means of the start-stop printer when working simplex, 
and also to use selectors by means of which any one 
of a number of stations may be called, the printers 
at the other stations remaining idle while a message 
is being printed at the selected station. These facilities 
r an of course be supplied by any other modem start-stop 
printers such as the Morkrum teletype, the Kleinschmidt, 
the Creed direct printer, or the Siemens and Halske. 

The Western Electric Co. has some interesting patents 


on methods of linking up start-stop print 
channels of multiplex installations. There 
example, British patent 165783, showing 
branching arrangements for connecting up seve 
with both forked multiplex and start-stop ■ 
Fig. 1 in the above patent, for instance, shows a ' 
arrangement comprising three terminal multipli 
tributing stations arranged for four channels : 
terminal multiplex station, through a repeating s 
to each of the other terminal multiplex statip 
also illustrates how one arm or channel of the mn 
distributor at, for example, St. Louis, may be < 
by means of start-stop equipment to two outlying 
or stations. It is also pointed out that any ( 
the channels of each terminal multiplex statio 
be extended, if desired, to an equal number of < 
or outlving stations by means of start-stop equ 
In France, forked and series working with the 1 
multiplex has been in use for many years,-. Ip 
French have wonderful methods of linking up|j 
cities on one wire by the multiplex. The '4 
Union has likewise been doing a good deal of.jj 
this direction, and those who are interested:? 
it fullv dealt with and illustrated by clear 
Mr. H. H. Harrison’s book on " Printing 
Svstems and Mechanisms ” ; but, to refresh the'i 
of those who are familiar with the subjects 
enlighten those who are not, in Fig. 2 two 
from the Western Electric patent above re 
with the addition of start-stop printers to eac 
and teletype exchanges in the cities, are given 
Fig. 2 will help us to realize the enormous ! 
of telegraph facilities rendered possible by the £ 
printer. It represents two wires from New T 
Pittsburg to Chicago, one of the two wires ‘ 
branch from Pittsburg to St. Louis. These 
| equipped with multiplex printing-telegraph 
- quadruple-duplex, giving four channels of con 
tion simultaneously each way, solid lines : 
channels working in one direction and do 
channels working in the other direction, y 
: rectangles marked M indicate sending £ 
i sets on the multiplex. The rectangles ma 
' start-stop printer extensions lin kin g up to the.) 

channels. The rectangles SS are a number of; 
j printers in series on one wire, selective cal le 
; any one or more of the SS sets to be ca 
communicated with. The teletype exchanj 
themselves. To complete the picture, sut 
needed. They are scarce at present and 
vince, but their numbers will grow geomet 
facilities extend, just as they did in the 
telephone. 

A great advantage that the telegraph 
the telephone is that a telegraph message ' 
up at any point where there may be a 
until its turn comes for transmission.. J 
operator usually has several telegrams in . 
he transmits one after the other. They wa 
A telephone message cannot wait. In a.' 
network such as that contemplated in 
bottle-neck is a factor for which provision i 
The excess in the supply of telegraph 





261 


A FORECAST OF THE NEW TELEGRAPHY. 


n 


ft"^7TTver^and in any case there will be certain points 
y b*t for ’ wi u be liable to occur at times, especially 
d nl ‘ sh hours. The flow of telegraph traffic is 
j0f,ng regular and there will be advantage in having 
-nir mechanism at bottle-neck points, such as ocean 
le rf'fprminals. Hitherto the receiving tape-perforator 
f >».en neglected by telegraph traffic managers ; but 
no*sible°that the receiving perforator will come into 
new telegraphy. A business man in 
w York will dictate a telegram, a typist will trans- 
it it to the nearest teletype exchange, and it may 
“ -d in going direct as far as Chicago and all 
Luiels west of Chicago may be engaged for a tune. 
I„ that case the message might be stored up as per- 
orated tape ready ior transmission to San Francisco 
... <OOI1 as a channel is available. Otherwise the 
tucsi.-wes, in such cases, could be received on printers 
retransmitted in their turn on typewriter keyboards. 

kr"- 


suddenly called upon to send a message on the teletype 
for her employer. Quite obviously your teletype 
exchange would only be for big business firms and com- 
panies, banks, railways and the like. For the thousands 
and thousands of small men it would be useless. It 
would not pay them to use a teletype for one or two 
telegrams a week.” 

The best reply to this supposed criticism will be to 
quote a few figures. The financial advantage possessed 
by the telegraph when distance becomes an important 
factor is a powerful argument in favour of the long- 
distance telegraph and against the long-distance tele- 
phone, and the telegraph administrations will be glad 
to increase their profits by reducing their expenditure 
| on wages by throwing the burden of transmitting and 
receiving telegrams on to the business community, and 
I the business community will be glad to shoulder that 
burden in return for the boon of quick telegraph service. 


- I / uirr 


NEW YORK. 


PITTSBURGH. 




CHICAGO. 
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Fig. 2.— Diagram of multiplex printing-telegraph combined and ex&uded by start-stop printers, single and in 

series, and with teletype exchanges. 


Naturally there are many difficulties in the way, 
Including human nature and established routines, 
Md there are also serious arguments which have to 
^ met. For instance, I can imagine the British Post 
Office saying to me : “ Three-minute calls on your 

ype exchange would be only 20 telegraph messages 
hour per channel, and there is the loss of time in 
g, answering calls, getting through, giving the 
to the subscriber and disconnecting, which would 
dish the output to perhaps 15 messages an hour, 
even less. We can quite easily send 60 messages 
hour by our present methods, as long as there is 
Igh traffic, and at times we send 80 and 90 and even 
messages an hour per channel. If your teletype 
n ge cuts down the average to 15 messages an 
We shall have to charge more. Also our pro- 
si operators steadily employed on telegraph 
ts will send far more messages than a girl typist 

Vol. 63. 
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There is every indication that there is money in the new 
telegraphy, and if that is the case the matter is settled. 

It must not be forgotten that the telegraph adminis- 
trations and companies lease telegraph wires or “ channels 
of communication” for long terms, 6 months or a 
year, and they will be glad to lease telegraph wires 
for 3 minutes, just as they lease telephone wires, if 
they can make money by doing so. The financia 
case for the new telegraphy will be realized after a 
little study of the table on page 262 giving the British 
Post Office annual charges for telegraph and telephone 

wires. , . 

Taking, first, London to Birmingham, roughly about 
100 miles, the Post Office will lease a complete tele- 
graph wire during the day for a rental of £685 a year. 
There is no difficulty' in getting six channels each way 
on one telegraph wire from London to Birmingham. 
Hence dividing £685 by six we get a rental of £114 

18 
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a year per channel. Dividing this by 300 days in the 
working year, we get 7s. 7d. per day. Taking the 
business day at 8 hours, we get a rental per hour of a 
trifle under Is., or only 0-2d. per minute. Assuming 
that the active time of communication is 3 minutes 
and that the time spent in connecting and disconnecting 
is 3 minutes, or, in all, 6 minutes per call, the rental 
would be only a trifle over Id. for 6 minutes. Even 
if the Post Office tripled this rate and charged 3d. for 
a 3-minute teletype talk between London and Bir- 
mingham with a “ no delay ” service, it would be re- 
garded by the business community as a godsend. The 
minimum for a London — Birmingham telephone call 
of 3 minutes is 2s. There is a big difference between 
3d. and 2s., and the difference is still greater if we 
deduct the cost of postage, Hd., which is saved in each 
case by using the telegraph or telephone instead of the 
mail. It becomes lid. extra for the teletype call of 
3 minutes transmitting at least 100 words, and 22jd. 
extra for the telephone call, an advantage of 15 to 1 
in favour of the telegraph, even over only* 100 miles. 

Xow working backwards, the Post Office is to get 
3i. for 6 minutes (a 3-minute call and 3 minutes con- 


Approximate Annual Rentals for Lines. 


1 

1 

1 

London to London to 
Birmingham Manchester 

London to 
Glasgow 

A telegraph wire, but not 1 

£ £ 

£ 

including apparatus . . 

685 1 120 

2 415 

A telephone circuit with 



apparatus 

905 1 520 

3 350 


necting) on one channel between London and Birming- 
ham. This is 2s. 6d. per hour, or £1 a day of 8 hours, 
or £6 a day for the six channels on one wire, or £1 S00 
rental for the year of 300 days. This is, of course, 
on the assumption that the wire is kept busy with calls 
everv 6 minutes. Actually it is possible to divide up 
a wire between London and Birmingham into at least 
12 channels each way, so that there would be a future 
possibility of penny teletype calls between London and 
Birmingham, exchanging about 50 words each way. 
In other words the business community will get an 
extremely cheap and quick telegraph service and the 
Post Office will get a greatly increased rental for its 
telegraph wires and will save the wages of operating 
staff at present employed handling telegrams. £1 800 
a year should leave ample margin for the wages of 
the exchange attendants and for maintenance and 
other charges. 

Now take London-Manchester, about 200 miles. 
The Post Office annual rental for a telegraph wire is 
£1 120. Five channels can be provided easily each 
way on the one wire, making the annual rental £224 
per channel. Dividing this up as before we get 0-375d. 
per minute. Allowing 6 minutes per call as before, we 
«et 2’ ( d. per call, and, tripling this as before, the call 
would cost a trifle under 7d. This charge would give 
the Post Office an annual rental of £3 500 for a London- 
Manchester telegraph wire. This again is on the assump- 
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tion that there is a call every 6 minutes. ,vA j 
telephone call to Manchester from London ,\s 
about 4s., compared with 7d. Taking London 
the rental is £2 415, and five channels each.; 
be easily secured. Hence, dividing by five.i, 
£483 a year rental per channel, or 0-8d. per jn 
or 4-8d. for a 6-minute call (3 minutes commnjx 
and 3 minutes getting through). If we incr 
to Is. as the rental for the 6 minutes, the tot 
would be £6 000 a year for the five channels^? 
wire. A 3-minute telephone call to Glasgo' 
be about 8s. At present a shilling telegrai 
London to Glasgow would contain only 12 wot 
it would take about an hour on the joumey fron 
to recipient and another hour for a reply. . | 
same shilling the new telegraphy would handle. 3 
100 and possibly 180 words, or a message and 
with little or no delay. At present the Post 
is working at a loss when charging Id. a word,’^ 
present the 180- word message would cost 15s 

Apart from the direct saving due to the new telf 
the wealth of the community would be inert 
the speeding up of business resulting from the ixc 
telegraph service. It is all a question of wheS 
scheme of public teletype exchanges is econoi 
sound. It appears to be sound, but time and:,e 
ence will tell in due course. There is no mille 
for telegraphy ; but as long as we do not exj 
much from telegraph machinery and human ” 
we have good reason to be hopeful about tl 
improvement in the telegraph service that :wil 
place within the next 25 years, thanks to the inn 
printing-telegraph, the start-stop printer ail 
teletype exchange. 

(10) “ Emptying the mail-hags ." — An important! 
of the new telegraphy is where the increase off 
is to come from, that will be necessary to- pajM 
new developments. Of course the new facilitt 
create a large volume of new traffic beyond/||| 
annual increment due to growth of populatiO 
civilization ; but, in addition, the increase of tetj 
traffic will come by diversion of a certain amo 
traffic from the telephones, and by what DelaS 
to call “ Emptying the Mail-Bags.” Thii||| 
American publicity men call a slogan ; but it is) 
poor one, because it is an impossible idea|,|gjj 
maximum that the telegraphs can hope toggH 
fligh t lightening of the mail-bags. Even 
of letters diverted from the Post Office waujgj 
in a great accretion of telegraph traffic. • y(S 

The mails consist very largely of circulars, neira 
printed matter, invoices, receipts, postal anqj 
orders, cheques, drafts, securities, advice andl 
notes, waybills, bills of lading, drawings,,^ 
maps, plans, photographs — in short all the vaSfl 
of business documents which cannot be^teleg 
There is also an enormous volume of private anc^a 
letters, of which only a minute proportion. igH 
be telegraphed, unless telegraphy became so ea^ 
cheap that it could compete with the penny, 'sf$I 
the postcard. There remains, however, a large,.) 
of ordinary business correspondence whidjgH 
profitably sent by telegraph if the ratesS 
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. h no t SO low as the penny post. We should have 
to educate the business man up to paying more and 
♦he telegraph administrations to charging less, so as 
bridge the gap and enable a portion of the mails 
“ be poured through the telegraph wires. 

It is impossible to say even to what very limited 
tent the mail-bags can be depleted by the telegraph ; 
hut anything in letters and figures can be transmitted, 
and even complicated formal printed documents can 
be tilled in by telegraph if a tape-printing telegraph 
ii used. An illustration of this is given in Fig. 3, and 


| be telegraphed. The proportion of business letters, 
| otherwise telegraphable, which must go by post on 
j account of enclosures is not known, but the matter 
I was looked into by a London firm in connection with 
t their departmental correspondence. This firm, with 
j offices in London and works 30 miles away, have a private 
j telephone circuit connecting their London offices with 
their works. This telephone circuit is overloaded with 
traffic, and a proposal to superpose a teletype circuit 
j on the telephone circuit proved attractive to them. 
Not only would the carrying capacity of their private 
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Fig. 3. — Printed-form tape telegram. 




win R tS °* teIet >T e Tape pasted all over the printed form 
e noticed. A page-printer could not do this, 
^ignatures, on the other hand, are hopeless in spite 
'^ aj ^ auto S ra pT*s and copying telegraphs, and telegraphic 
; miss i° n of pictures and drawings will seldom pay. 
Path 6 f 6 * S ’ ™ add iTi° n . one interesting obstacle in the 
Dior ° transm i ss i° n °t letters by telegraph, about which 
"•Otm ' 3e ^ earc * ' n the future, and that is " enclo- 
■/ Many business letters which could be tele- 
r e with advantage contain cheques, bills of lading 
v ano us other business documents, which cannot 
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wire be increased, but orders and other correspondence 
that now reach the factory on the following day would 
arrive by telegraph by the aid of the teletype in, a few 
minutes, thus saving a day in the case of a factory 30 
miles away ; and time is money. 

Upon investigation, they found that 40 per cent of 
their correspondence with their factory contained 
enclosures which could not be telegraphed, leaving 
60 per cent that could be handled by the teletype. This 
is instructive, but not sufficiently generalized to beiany 
guide to the average contents of the mail-bags. The 












proportion of letters that could be telegraphed is well 
worth investigation by inducing a number of business 
firms of various kinds to look into the matter and 
prepare statistics. Also it is obvious that the proportion 
of letters that it would pay to telegraph would be still 
smaller. Many firms could no doubt be induced to 
prepare statistics on this point also. In this way a 
fair estimate could be made of the extent to which the 
new telegraphy may benefit at the expense of the 
mail-bags. 

(11) The first steps . — The problem of making a 
beginning with the new telegraphy deserves a little 
consideration. It will have to start on a small scale, 
because administrations cannot be expected to spend 
hundreds of thousands of pounds to install teletype 
exchanges in all leading cities, and then spend more 
money in canvassing for subscribers to the new service. 
There must be healthy growth from small beginnings. 
It will probably start very much as the telephone 
service began. A start has already been made in 
connecting business firms and banks to the Central 
Telegraph Office. The Dutch Government has installed 
a considerable number of teletypes for this purpose, 
and the British Post Office is beginning to do the same. 
If this service grows it will lead to a concentrator system, 
because subscribers’ lines will not always be busy, 
and by means of a concentrator switch the traffic can 
be handled by a considerably smaller number of tele- 
types at the Central Telegraph Office than the number of 
subscribers. It seems reasonable to suppose that this 
arrangement will gradually extend to switching sub- 
scribers direct to the particular circuits over which their 
telegrams would have to be transmitted. The British 
Post Office already has teletypes in use on long lines, 
and " through switching ” would appear to be inevitable 
in the course of time. 

Another line of growth has already been indicated 
in connection with the offer of the Western Union and 
the Bell Telephone Co. of telegraph typewriter service 
on the private wires of private firms. These private 
lines will naturally be linked up in due course, with 
resulting growth of the new telegraphy. * 

Part 3. 

The Start-Stop Printer. 

(1) Various machines and what they must do . — It 
remains now to give a general idea of what is meant 
by the title “ Start-Stop Printer." As far as possible 
details will be avoided, because this paper is being 
written not for telegraph engineering specialists but 
for the vast number of people who are mainly concerned 
about better telegraph service. Before beginning this 
last section of the paper, however, I may also explain 
that I have refrained from expressing any opinion 
about the relative merits of the various machines now 
on the market or being developed. They are the product 
of a vast amount of ingenuity and research and prac- 
tical experience, and time will in due course settle 
which is the best, or what particular combinations of 
the ideas materialized in these machines will prove to 
be the most suitable for various classes of work. 


The conditions to be fulfilled by a succ 
stop printing-telegraph may be set out as fo! 


(a) It must be a start-stop printer ; that is 

it must start operating as soon as a," 
depressed on the keyboard, and it m 
as soon as a letter has been printed. 

(b) Most of the successful machines have a m 

distributor and a single recording magn 

(c) It must have the standard typewriter key' 

with easy touch. 

(d) It must have a speed of from 40 up to 80h$ 

per minute. *8 

(e) It must use the five-unit alphabet. 

(/) It must be able to work over any distanr 

50 feet to 5 000 miles. 

( g ) The option of tape- or page-printing is d 

(h) For speeds above 50 words per minute, Wi 

Union experience indicates that ty^' 1 
machines are best ; but good results are 
obtained by some of the typewheel p: 

(t) It must be simple, compact, strong and di 
and able to print at least 5 million words 
out an error. . : j 

(j) It must be able to run for at least one 

without attention, apart from the sup 
fresh paper and ink. 

(k) Maintenance must be possible without fcj 

skilled labour. 

(/) The manufacture must be strictly on • 

changeable mass-production basis, to en 
cheap maintenance, quick repair and m 
prices. 

(m) It should be possible to stop the prints 

pletely and shut off all power at out 
B from head-station A, and start it 
station A. 

(n) It would be desirable to have a universal^?: 

which, with comparatively slight modi" 
could be used on multiplex circuits^ 
start-stop printer with typewriter ki 
or with perforated-tape transmission,' 
rapid stock-ticker ; but there are gra 
culties in the way of making such a 


With the exception of the first-mentioned 
following list (which, after being widely used in' 
for 15 years, is now being superseded by a more 
developed machine of the same companvU 
machines at present on the market which a 
or less successfully, to fulfil these conditi 
following: — , U— 

Start-Stop Printers. 


(i) Morkrum typewheel page-printer J| 

(Blick typewheel), the first of the 
commercially successful start-stop 
machines. Page-printer only . . 70 

(ii) . Morkrum typewheel teletype ; the 

first start-stop machine to achieve 
wide success outside the United 
States. Tape-printer only ..A 

• w.p.m. = words per minute. 
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( jjj) Western Electric start-stop printer. 

Page-printer only . . . . 60 w.p.m. 

(iv) Kleinschmidt direct printer. Tape 

or page-printer . . . . . . 80 w.p.m. 

,v) Siemens and Halske “Pendeltele- 

graph." Tape-printer only . . 40 w.p.m. 
■ v j) \n improved machine by Siemens 
,rud Halske based on Siemens 
automatic system . . .. .. 80 w.p.m. 

,- v jj) r; r eed direct printer. Tape- or page- 

printer 80 w.p.m. 

(via) Morxrum page teletype. Tvpebar 

page-printer . . . . . . 65 w.p.m. 

(Lx) Morkrum model- 15 tvpebar tele- 
type. This is the latest start-stop 
machine. Tape- or page-printer 80 w.p.m. 

(2) Historical. — Speaking in a general way, what the 
Western Union calls the simplex printer is a very old 
idea, going back to the beginning of telegraphy , and 
it is an astonishing fact that it is only during the last 
year or two that real success lias been achieved. There 
have been many pioneers, and scores of simplex print- 
ing-telegraph inventions fill the shelves of the patent 
libraries. They were pioneers, and they all failed 
for themselves ; but not for us, because “ by their 
bones about the wayside we have come to our own.” 

- They have guided us on the road, and within the last 
2 or 3 years we have arrived. 

It might be thought that the complicated automatic 
and multiplex high-speed printing-telegraphs with 
their enormous carrying capacities of 100 to 300 words 
a minute in each direction on one wire, and, in the case 
of the multiplex, with two to sLx separate channels 
each way on one wire, would have developed after the 
much simpler business-man's printing-telegraph ; but 
the requirements of the business-man’s teletype are 
Very severe, as will be realized from the list just given 
of conditions to be filled by a successful machine of 
this class. Many beautiful machines have been 
designed ; but for 50 years the Hughes printing-tele- 
graph has been practically the sole one-man machine 
that would work successfully even in a large telegraph 
Office with skilled attention immediately available, 
*nd it is not a start-stop printer. The Hughes would 
be quite unsuitable as the business-man's teletype for 
Several reasons, the chief objection being that it is a 
synchronous printing-telegraph. It is also big and 
Clumsy, with a piano instead of a typewriter keyboard, 
■cd it requires skilled operation to reach even 30 words 

* minute, whilst 60 words a minute is far beyond its 
Powers. A girl typist cannot sit down and work it 
forthwith. The fact that it prints on a tape is not a 
**? ous objection, though it is believed that page-printing 
*“1 be demanded in many cases by the business com- 

dy- They will want at least the choice of tape- or 
PSge-printing to meet their particular needs. What 
. ess men require is typewriting at a distance, 
need has been known for years, but not the way. 
cnty years ago Mr. W. A. Hatfield, one of the engineers 
q y employed in the Engineer-ln-Chief ’s Office, 

* ti ’ repeated! y urged me to make a start-stop 
g-telegraph with a direct keyboard ; but I was 


too busy with the Murray automatic and the Murray 
multiplex printing-telegraphs to attempt any other 
development work. In any case the conditions of 
success were not known at that time, and the labours 
of many men and much capital and years of time were 
necessary to discover the conditions. 

The first really successful machine of this kind was 
the Morkrum start-stop printer, which was put into 
commercial service in 1910. It was a typewriter key- 
board machine with a typewheel page-printer very 
similar to the Blickensderfer typewheel typewriter. 
It came into extensive use in America ; but it depended 
for its operation on a considerable number of magnets 
and electrical contacts, and it required much mainten- 
ance attention. It is therefore being superseded by 
later Morkrum machines. American as well as French 
experience appears to indicate that a successful tele- 
graph printer should be, as far as possible, mechanical 
in its action, and further development in America has 
gone along these lines. 

This resuited in the production of the little typewheel 
" Teletype,” which was put on the market in 1920 
by the Morkrum Company and proved highly successful. 
The teletype is the first machine of the kind that has had 
a wide sale outside of the United States, and from the 
date of the established success of this new machine the 
era of the new telegraphy may be said to have begun. 

Kleinschmidt came close on the heels of the successful 
Morkrum machines, with an extremely clever, direct, 
keyboard page-printer, very neat and compact in 
design, which is meeting with considerable success. 
About the same time the telegraph development engi- 
neers of the Western Electric Co. were doing valuable 
work on the start-stop problem. Their start-stop 
printer worked well, and amongst other things they 
designed a most ingenious centrifugal governor for their 
start-stop printer motor, which is easily the best yet 
made. The work done in developing arrangements 
for linking up start-stop printers to channels of multi- 
plex installations has already been referred to. Dr. 
Louis M. Potts also did extremely ingenious start-stop 
pjinter work, especially on the idea of the mechanical 
distributor and single receiving magnet or relay. 

The Western Union and the British Post Office, 
being telegraph-operating and not manufacturing and 
development concerns, the Western Union engineers, 
like the British Post Office engineers, and the engineers 
of other administrations and operating companies, 
have had to discharge the important duty of testing 
and criticizing the machines designed by the various 
manufacturers and inventors, and it is largely from 
the conclusions arrived at and the requirements and 
conditions laid down by the telegraph-operating organiza- 
tions that the manufacturers and inventors have been 
guided to commercial success. 

I mention this because there is often uninformed 
criticism of the British Post Office on account of the 
Post Office engineers not having produced any of these 
printing-telegraph machines. They have not had time, 
and it would have been quite outside of their duties 
to have done so. The modem world is highly specialized, 
and the production and the operation of machinery 
are two entirely separate functions. Criticism and 
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valuable practical advice can come very properly from ^ 
the operating administrations, but the work of develop- ; 
ment of machinery has to be left to the manufacturing j 
concerns that specialize in that class of work. ; 

German engineers, instead of accepting the conclu- 
sions of England, France and America in favour of : 
mechanical operation, have employed automatic and 
electrical principles with success, and Messrs. Siemens 
and Halske of Berlin have produced a very interesting 
machine which they call the Pendeltelegraph, 
printing on a tape at a speed of 40 words a minute. 
Thev have also developed another start-stop printer 
based on the Siemens automatic system, with a speed 
for manual operation of 60 to 70 words a minute, and, i 
for automatic tape transmission, of 80 words a minute. 

It depends on many electrical contacts, brushes and . 
condensers, devices that are not regarded favourably 
in the light of English and American experience, but it 
is stated to work well. Those who are interested will 
find an illustrated account of it in the Elektrotechnische j 
Zeitschrift for 24th July, 1024. by F. Liischen, entitled 
“ Die Technik der Telegraphie und Telephonie im 
Weitverkehr.” It is very instructive to compare the j 
illustrations of this German machine with those of the ; 
Morkrum Company, Kleinschmidt, and Creed, all of 
which are mechanical. The same article gives an 
interesting diagram showing the remarkable network j 
of Siemens’ automatic printing-telegraph circuits linking | 
up all the leading cities of German}' and Central Europe, s 
and extending to London, Rome, Budapest, Vienna, j 
Warsaw, Riga, Moscow and Kristiania and other Nor- ; 
wegian cities. This extension is due to German influ- ; 
ence. and not to any superiority of automatic systems 
compared with multiplex ; and if the forecast in this 
paper of the future of telegraphy is correct, then the whole 
of this automatic network will in due course find its way 
to the scrap-heap, because the multiplex is necessary for 
splitting up wires into a number of separate channels. 
Tone-selective methods are a practical alternative 
under certain conditions ; but automatic systems are 
hopeless for the new telegraphy. Although multiplex 
are undoubtedly superior to automatic systems, yet 
even multiplex systems will be much modified by 4he 
requirements of the new telegraphy. 

More recently others have entered the market, in- 
cluding F. G. Creed. The Creed machine, like all 
these printers, is most ingenious. It is based on the 
well-known Creed automatic printer, and it is unique 
in being a typewheel-typebar machine. The typebars 
are only J inch long, and very high speed is secured m 
this way. The five-unit alphabet is used, and Mr. 
Creed is to be congratulated on his conversion from 
the morse to the five-unit system. 

The essentials for success are now known, and from 
what has just been said it will be seen that healthy 
competition is springing up, and it is all for the good 
of civilization that every possible way of carrying out 
the start-stop idea should be investigated and tried, 
in order that the best may survive. That is specially 
desirable because of the very great importance of the 
start-stop printer. 

(3) Technical features of start-stop printers. The first 
essential of a start-stop printer is that it must start 


and stop for each letter transmitted and. printed 
fixed to each letter signal is a starting signal^ 
upon arrival at the receiving station starts thnj® 
mechanism, which makes one revolution, in.thn* 
of which the letter is printed, and the machine 
stops ready for the next letter. This cycle is ref 
for every letter transmitted. (For simplicity!^ 
disregarded the overlap, as this does not aflit* 
argument.) "-ifjgfl 

A little consideration will show that there mus 
be a stopping interval to give the machine til 
come to rest and return to zero. Hence 1 
stop printers, although they employ the 
alphabet, are really seven-unit systems. The 
uses eight units per letter. The start-stop 
have therefore a slight advantage over the m 
of 124- per cent so far as the telegraph line is con 
The only alternative to starting and stopjf 
each letter is for the sending mechanism at stir 
and the receiving mechanism at station B to ru 
tinuously. For simplicity let us consider the J 
printing-telegraph, which runs in this way. W 
end of the telegraph line there is a typewheel,. aril 
two tvpewheels have to run synchronously, th| 
say, the same letters on each typewheel must 
to” the 12 o’clock position at the same instaa 
mechanism has to be provided for correcting anj 
from synchronism. It is only while signals arc 
transmitted over the line that the synchronisinj 
Hughes is maintained. When transmission sto 
Hughes falls out of synchronism, and syn< 
would have to be re-established for each new C 
before messages could be transmitted. In 
to keep a number of Hughes circuits all tun 
same speed would not be easy with the present j 
mechanism. Also, in the event of no one beingl 
at the receiving station there would be no ce 
that synchronism had been established. • Bj 
i printing-telegraph depending on continuous n 
! and therefore on synchronism, could not be U| 
; printing-telegraph exchange. The start-stop 
I is essential. In any case, for reasons already mei 
j the Hughes would be out of the question for 
! purpose. 

i The start-stop printer comes to rest between eal 
! or during intervals between messages, and it O 
| be switched easily from one circuit to anotM 
i only condition is that there shall be apprda 
a standard speed for all the teletypes or otK 
stop printers. About the subject of speedyfi 
be said presently. It is true that even the| 
stop ” machines depend on synchronism's® 
during the one revolution that prints a lctterf.fi 
very easy to preserve synchronism for sucn| 
period as J second or even less, and in thugr 
one of the great advantages of the “staj 
machines for exchange work. 

The next point about which some explan 
desirable is the mechanical distributor * 
recording magnet of the successful start-stopj| 
The Hughes is a single-magnet printer, butit| 
have a mechanical distributor. In the Hughe^fra 
is an electrical transmitting distributor onlyj|i 
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t at station A an electrical impulse at the right 
.lum en 1- for printing correctly at station B, the type- 
at station B revolving in synchronism with the 
. u .l;..pl at station A. The typewheels are the dis- 
^luitors, and in the Hughes there is no mechanical 
^ginbutor in any sense corresponding to the mechani- 
receiving distributor o£ the modern start-stop 
actnters. 

( 4 ) Electrical, and mechanical distributors . — The value 
Oi the mechanical receiving distributor will be best, 
juiderstood by considering an electrical distributor and 
» printer in scin matic form as shown in Fig. 4. 

The receiving line-relay is shown at 1 ; 2 is the elec- 
jjjcal start-stop distributor, the brush arm 3 being kept 
from revolving by the pawl 4. When a starting signal 
arrives in relay 1, it closes the contact at 5, and local 
current then passes from the battery 6, through ring 7, 


position, and the pawl 4, catching the brush arm 3, 
stops the machine until another starting signal, followed 
by a letter-signal group, arrives. 

In electric distributors the chief difficulty is the con- 
tact brushes, which wear badly and require frequent 
attention. In the case of multiplex distributors the 
traffic and the carrying capacity- are very great and 
the cost of daily attention to the brushes is trifling 
compared with the results achieved ; but in the case 
of the start-stop printers the position is far less favour- 
able. Such machines are necessarily scattered over a 
considerable area, often miles apart, and it would con- 
sume too much time and wages to send a man daily 
to attend to the brushes. The maintenance attention 
should not exceed once a week and preferably once a 
fortnight, or even once a month. Compared with an 
electric distributor using brushes, the mechanical 
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Fig - 4 - — Diagram of principle of five-magnet printer and an electric distributor. 


. h arm 3’ starting contact 8, starting magnet 9, and 
wck through contact 5 to the battery-. The magnet 9 
. , a ^ s armature pawl 4, releasing the brush arm 3, 
c starts revolving to the right, the brushes making 
■occessive contact with the segments 10 to 14, which 
^connected to the five selecting magnets 15 to 19. 
^Pending on whether the contact at 5 is open or closed 
«, e w ^ en the brush makes successive contact 
e segments 10 to 14, impulses or no impulses 
ggj Pass through one or more of the magnets 15 to 19, 
Ijtfj 0 ? 6 , 01 more °f the five armature pawls 20 will be 
Ifates anC * re l ease their corresponding selector 
Of s j ; 1° this way a special permutation group 
Jjtk. s . m the selector plates, corresponding to the 
K thi s Slgnal transn rrtted, will be aligned and a latch, 
"i b Case . corresponding to the letter S, will be selected 
1 y suitable mechanism, will print the letter S. The 
S action also restores the selector plates to zero 


m 


j distributor is a great step forward. It does not require 
j attention for months at a time and even then it only 
j needs a drop of oil, which can be given by anybody. 

! With the exception of one magnet to record the signals 
coming over the telegraph line, the receiving and print- 
ing mechanism of the modem start-stop printer becomes 
in this way entirely mechanical. Another important 
advantage of the mechanical distributor is the fact 
that, on lines not sufficiently long or difficult to require 
a relay, a start-stop printer equipped with a mechanical 
distributor can be worked by alternating current and 
without any direct current. An alternating-current 
motor to drive the machine is all that is necessary, 
in addition to the signal magnet to record the line signals. 
No local direct current is needed. 

The principle of the mechanical receiving distributor 
is the same in all the successful start-stop printers so 
far produced, and it will be readily understood from 
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the schematic illustration of one form of mechanical 
distributor, in Fig. 5, and the following description : — 
The signals arrive in the single magnet 1, which 
corresponds to a morse sounder. The first signal is 
the starting impulse and causes the magnet to attract 
its armature 2. This trips the pawl 3, and also by the 
link 4 it trips pawl 5. This throws in a clutch 6, which 
couples the constantly rotating power shaft 7 with the 
start-stop shaft 8. This carries the cam 9, and by means 
of five-to-one gearing it also operates cam 10. Cam 9 
oscillates the lever 11 pivoted at 12. Lever 11 carries 
a rod 13, which is pushed by the rod 14 along in front 
of the five selector plates 21 (ends only shown, but they 
are the same as in Fig. 41, the rod 14 being moved 
by the cam 10. The rod 13 reciprocates regularly as 
shown by the arrow 15, under the control of the rod 11, 
which is kept oscillating by the cam 9. If, however, 
there is no operating or marking signal in the line, 
the magnet 1 will cease to attract its armature 2 and 


contacts. These have proved wonderfully 
electric distributors, and run for months at 
without attention. As a matter of fact,*, 
contacts opened and closed by spirally arran 
on a transmitting spindle are employed in theM 
teletype for the transmission of signals, and 
shows that they run almost indefinitely wi 
tion. It will be seen, therefore, that there is 
deal of variety possible in the design and man 
of start-stop printers. The mechanical dish 
however, appears to be cheaper and simpler 
compact than electric contacts with five S 
magnets, and the Morkrum teletypes, the Kle 
and the Creed start-stop machines all use them! 
distributor. 

The demand for high speed, at least 60 W 
minute, has been a stumbling block. T; 
machines like the Hughes and Baudot appear 
their commercial working limit at about 40 


Fig . 5. — Diagram of principle of single-iagnet start-stop printer with mechanical distributor. 


the pawl 3 will catch and retain the rod 11, thus 
preventing the rod 13 from striking the selector plate 
opposite which it is passing at the time of no signal. 
Assuming that there is no signal operating the magnet 1 
when the rod 13 is opposite selector plate 1, and that 
there is a signal when the rod is opposite selector 
plates 2 and 3, no signal when the rod is opposite 
plate 4 and a signal when opposite 5 ; then the selector 
plates will be pushed into the particular permutation 
shown at 16. Immediately afterwards, a tooth 17 
on the rod 14 strikes the end of the lever 18, causing it 
to trip the printing mechanism into action, and a letter 
corresponding to the permutation set up in the selector 
plates will be printed. The clutch 6 is disengaged 
automatically by the cam surface 19 striking the plate 
20, and the released half of the clutch is then caught 
once more by the pawl 5, ready for the starting impulse 
of the next letter signal. 

On the other hand there has been a sort of rivalry 
between the mechanical distributor and tungsten 


minute. Beyond that speed the cost of in 
rises rapidly, and .American experience indi 
for speeds much beyond 40 words a minutest 
principle is the best. The typewheel machia 
has the advantage of great simplicity, ^ 
mechanism, and in one or two cases good'j 
being obtained at higher speeds. There 
typewheel instead of 26 typebars and par 1 
is a simple little ink-roller instead of 
complicated ink-ribbon feed with auto: 

The demand for speed, however, is insis 
Western Union, as the result of great 
decided definitely in favour of the type 
The Morkrum model-15 teletype is one 
demand. This machine has an extrem 
mechanical distributor and, having type 
well at 75 words a minute and has been te 
words a minute. These high speeds ar 
ticable for tape-printing, but, in the case of: 
time has to be allowed for the carriage to . 
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-5 or SO words a minute the time of at least three 
f* signals must be allowed for the return of the 
• „ e This is not a serious drawback, but it is a 


letter Signals ““ 

earriage. This is not a serious drawback, but it is a 
deduction from the high speed in the case of a page- 
niter The Kleinschmidt direct keyboard printer 
J* another answer to this demand for a rapid typebar 
typewriter-keyboard start-stop printer. 

ij) Curved code-bars. — In the Morkrum model-15 
tcietvpe there arc two, amongst other, interesting 
features demanding notice, namely, the curved code- 
bars and the combined striker-bar and lifting-bar. 
These two devices effect a surprising simplification 
m .1 typebar printer. I devised these two features and 
patented them in Great Britain in September 1922 
(British patent 206975), only to find, on writing to the 
Morkrum Company, that they had hit upon the same 
ideas independently. We afterwards found that a 
French inventor named Eglin had patented a printer 
employing the curved code-bar idea in December 1912. 
lie did not use the combined striker-bar and lifting- 
bar, and his selecting mechanism is rather complicated 
and apparently not very practical, and his printer is 
not provided with a distributor. It is for multiplex 


At B five magnets of the electrical distributor plan 
are shown controlling the code-bars, but the principle 
of the mechanical receiving distributor with a single 
magnet is readily applicable in the case of the curved 
code-bars, and it has been applied by the Morkrum 
Company in their model- 15 teletype in a highly ingenious 
; manner. 

I have described this curved code-bar machine at 
: some length because of the remarkable simplification 
i obtained by the arrangement shown at A together 
] with the semicircular code-bars shown at B. The 
importance of this simplification lies in the necessity 
for high speed, at least 60 words a minute, for start- 
i stop printers. For such speeds typebar printers appear 
; to be best ; but typebar printers, owing to their com- 
plexity, have hitherto been very costly. The simpli- 
fication resulting from the devices described above 
is therefore a distinct step forward, and in this respect 
there does not seem to be room for further improvement. 
The ink-ribbon mechanism of typebar printers is their 
one remaining drawback. It is more complicated than 
is desirable, and compares unfavourably in this respect 
with the simple ink-roller of the typewheel machines. 








a 
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-Diagram of curved code-bar printer. 
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working with five selecting magnets, and it is not a 
start-stop printer like the machines referred to in this 
paper. 

In Fig. 6, A and B are the second and third diagrams 
in my British patent 206975. The Morkrum Company’s 
solution of the problem is substantially the same. In 
A the curved code-bars are shown in section at 1 ; 
2 is a typebar ; 3 combines in one piece the selector 
latch, printing hook and connecting piece to the 
typebar, and 4 is the combined striker-bar and lifting- 
har. At the right moment this bar moves forward 
and back as shown by the double arrow 5. When 
moving to the right it no longer supports the latches 3, 
which then rest on the curved code-bars. It is under- 
a ood that there are 27 of these latches, corresponding 
the 27 typebars. For any given permutation of the 
^•nrved selector plates shown at B only one latch 3 
1 be selected and will be free to fall into the aligned 
?5 0U P pf slots, and the hook 6 will then engage with 
to 6 f^'kpr-bar 4, and further motion of the striker-bar 
he right will cause the typebar to rise and print, 
at 7 6 p bar 4 moves to the left, the wedge portion 

hfts all the latches off the code-bais, which are then 
ee to be set into a new permutation bv the next signal 
Transmitted over the line. 


On the other hand, I am informed by the Western 
Union that as the result of 15 years’ experience they 
found ink-rolls a source of great trouble and worry. 
Thef’ have found ink-ribbons far less troublesome 
and also cheaper than ink-rolls. This appears to 
be another case in which the complexity of the 
" Rolls-Royce" is preferable to the simplicity of the 
wheelbarrow. 

(6) Standard speed and tape- or page-printing . — I have 
now completed the story of the new telegraphy and its 
machinery, and there remain only a few final words 
about one or two points that will cause difficulties if 
agreement is not reached in regard to them. They 
correspond in a curious way to the old problem of 
the standard railway gauge, which still gives the world 
some trouble. 

The first and most important point is the question 
of a standard speed. Clearly the start-stop printers 
must run at approximately the same speed everywhere 
if there is going to be free intercommunication as on 
the telephone. In the case of the telephone this ques- 
tion of speed does not arise, because the speed is deter- 
mined by the human voice, and we all talk at about 
the same speed (100 to 200 words a minute). In the 
case of printing- telegraphs the allowable speed variation 
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is small. Fortunately, so far as the machinery is 
concerned, this requirement is easily fulfilled by suitable 
governing mechanism, and tuning forks and the strobo- 
scopic effect enable speeds everywhere to be regulated 
with great accuracy in less than a minute. The diffi- 
cultv arises from other considerations. 

The lower the speed the greater is the margin of 
security on the telegraph line ; but the higher the 
speed the more words can be telegraphed within the 
time limit. The lower the speed the greater is the 
durability of the apparatus and the lower the main- 
tenance cost, and the higher the speed the lower are 
the capital cost and the maintenance cost of the wire 
plant in proportion to the work done. The lower 
the speed the greater is the accuracy on the part of 
the human transmitter of messages ; but the higher 
the speed the more business can be done and the more 
information and instructions can be transmitted within 
a given time. For circuits superposed on telephone 
lines, low speeds, say 40 words a minute, tire desirable, 
while on ordinary telegraph lines higher speeds, say 
00 words a minute, have advantages. 

As start-stop printers or teletypes will have to be 
linked up with channels of the multiplex, the speed of 
the teletypes will be controlled by the speed of the 
multiplex, a matter quite easily arranged. Certainly 
it would not be practicable to alter the speed of big 
multiplex installations and networks, arid quite impos- 
sible to give different speeds on different channels of the 
multiplex. Also the speeds of various multiplex installa- 
tions differ in accordance with the line conditions. 
Certain fixed speeds for the multiplex are necessary, 
and a convenient solution of the intercommunication 
problem seems to be speed-change gears on the teletypes. 
The question does not arise in the case of carrier-current 
or tone-selective channels, except that the start-stop 
printer speeds between two correspondents must be 
the same. 

There is still another question. What . is the best 
working speed for a typist ? There is complete dis- 
agreement everywhere on that point, and the rate 
advocated ranges from 40 to 80 words a minute. Appar- 
ently 60 words a minute may be accepted as the happy 
mean ; but on long and difficult telegraph lines the 
speed of 40 words a minute gives a wider and safer 
margin for working. Evidently start-stop printers will 
have to be provided with three-speed or even four- 
speed gears like a motor-car, say 40, 60 and 80 words a 
minute. Two subscribers, on being connected at 40 
words a minute, could agree on increased speed and 
gear up accordingly by moving a lever on each teletype. 
Even speed gears would necessitate agreement about 
the three or four speeds to be provided. These would 
have to be standard ; but it would be much easier to 
agree on three or four speeds than on one. The question 
will have to be decided largely by experience, and for- 
tunately in America there is a splendid field for experi- 
mental settlement of the problem. Later on, so far as 
Europe is concerned, there will have to be international 
agreement about start-stop printer speeds, and such 
agreement will have to include all leading nations 
because, in the course of time, teletype exchange and 
multiplex working will certainly extend through ocean 



cables and possibly by wireless across 
oceans. '-fij 

The second and only other serious cont 
point in connection with the new telegraphy 
question of tape- or page-printing. Tape-pi 
is considerably simpler than page-printing.? 
therefore cheaper and the maintenance cost*i 
Also, for the distribution of market prices, v 
reports and news to farmers and other privati 
scribers, tape-printing would appear to be 
arrangement. Using pre-gummed tape like:; 
stamps, the printed tape can be readily at 
sheets of paper. In the case of the Western 4 
Telegraph Co., after having about 2 000 page-p 
in use all over the United States for the pasfc ! 8 
years, the company has decided to change overt 
printing, and has already ordered over 800 tapeqp 
to replace page-printers. In this case, howeve 
are special reasons in favour of tape-printing,,'; 
do not apply' in the case of Government ad 
There is sharp competition between the Weste 
and the Postal Telegraph companies, and the 
Union prefers not to send out messages wifi 
corrections. Consequently', messages containing^ 
have to be retransmitted. This occasions loss a 
and labour, which is avoided with tape-printi 
errors in tape can be cut out so as not to shoW-i 
finished message. There is also a considerably 
centage loss of time in transmitting the 
the tvpewriter carriage back and turn up to 4 
line, and at the end of messages time must be j 
the printer attendant to turn up to a new' 
form for printing the next telegram. In the. jg 
news messages, on the other hand, page-print 
great advantages, because it saves time and- 
and it is doubtful if large firms with much 
traffic would accept tape-printing on their tel 
They are accustomed to typewriters and 
demand typewriter service. That is to say* 1 
probably demand page-printing. 

It is clear that there will be trouble if one sub 
has a tape-teletype and another a page-telet 
it happens, a message containing page-print 
will print all right on a tape-printer, but a 
transmitted for a tape-printer without pa 
will not print on a page-printer. A tape-pr 
could send the page-printing signals even 
printer keyboard, but the situation is not . 
could be desired. Of course as long as " 
Union and the Bell Telephone Co. confine 
to their .present plan of se l ling telegraph : 
service only to business firms for use on their < 
wires within their own organizations, the ; 
tape- or page-printing will not arise. Eac 
choose tape- or page-printing ; but when f" 
linking up of such private-wire systems „i 
teletype exchange takes place, the tape- or ] 
problem will require consideration. One 
borne in mind is that when start-stop printei 
used in great numbers, prices will come 
will then be practicable for firms to have ) 
printers and several page-printers, thus :J 
option of either tape- or page-printing. .. . 
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}■ . . 0 f work page-printing is impossible. Fig. 3 . 

!'i f** aC iilustration ox what tape-printing can do and what ; 
[ ** aa 1 nt i n <r cannot do. There is certainly much to 

1 ior 'tape-printing in connection with the new ■ 
‘ *j^!iphy, but. on the other hand, page-printing 
lcic " r nine' and labour when there is much traffic and it ; 
-vrt nicer-lookir.g results. 

• . . univerzzi orixtcr . — Another point for considera- 

fj- . whether it is not possible to have a universal 1 
i ^“ te j available ior all telegraph service. This, I 

i r-r-ind is the idea at the back of the. mind of the 

r nnderstauu, is — . , . . 

Western Union, and there is much to be said m its 
Z . vQur ft certainiv would be. desirable to have a 
k ‘ universal printer that would do for multiplex circuits, 

- > . f start -stop circuits and also for stock-ticker service ; 

[ p an d no doubt others, have had our thoughts 
directed to this ideal for a long time past. Such a 
printer would be the real Ford car of printing telegraphy. 

A printer absolutely identical for all services is evidently 
impossible, but the modifications required for each class 
of work are not serious. The five-unit alphabet being 
used, all the essential parts of the machine would be 
the same for each service. This would allow of pro- 
duction in quantity, with corresponding reduction in 
cost and corresponding extension of the field of tele- 
graph service. The answer of the Morkrum Company 
to this requirement is the new Morkrum model-15 
teletype which will work up to SO words a minute. 
It is tape-printing or page-printing as desired. It 
is a start-stop printer with a direct-transmitting type- 
writer keyboard, or it can be used with a keyboard 
perforator and automatic tape transmission. By sub- 
stituting five selecting magnets it can be used on multi- 
t plex circuits. Apparently there is nothing to prevent 
any of the start-stop machines being so constructed 
as to be available with suitable modifications for these 
■ various services, and it will be a question for time and 
the telegraph administrations to determine which is the 
best. 

Hitherto stock and news service has been confined 
4 to city limits on account of the step-by-step principle 
of signalling emoloved. The use of a modem start- 

- stop printer for the distribution of news and market 
prices will sweep awav the city limitations of stock- 
ticker service, and distribution will become nation-wide. 

b The five-unit alphabet being used, there will be no bar 
to universal ticker service, including distribution to 
distant centres over channels of the multiplex. Prices 
*te already being broadcast by wireless ; but the 
: *rrangement is unsatisfactory. Only a few leading 
prices can be given, because to listen to a whole stock- 
/ list for the dav by wireless would be unendurable. 

. Also, broadcasting suffers from all the disadvantages 
. of the telephone. It is a voice and nothing 
Wore. There is no record and there must be fixed 
rimes for listening, and there is the risk of error 
Of the telephone plus the risk of error from atmo- 
spherics or static. The printing-telegraph for news is the 
only wa y 

• America, for instance, there is already a very fine 
ricker service (and so there is also in this country) ; 

• °t with the new machinery it will certainly develop 
a marvellous extent, covering the whole of the United 


States and Canada, and serving not only stockbrokers 
and produce dealers but also farmers and private homes. 
Every well-to-do familv will have its ticker service super- 
posed on its telephone line for news and its radio set 
for amusement. The family will turn on the music 
and read the news. 

(8) Prices . — At the back of all the wonderful possi- 
bilities outlined in this paper is the question of cost. 
Will it pav ? That depends on the value of the service 
rendered. Printing- telegraphs have already- proved 
extremely valuable to telegraph administrations, and 
there is acknowledgment of that fact in the annual 
report of the Western Union Telegraph Co. for the 
rear 1920. In that report it was stated that, since 
1915, multiplex printing-telegraph apparatus had been 
installed costing approximately- 2i million dollars, 
saving the expenditure of $16 585 000 on wire plant, 
which otherwise would have been required. Nothing 
was said in the report about the labour-saving, which 
is known to be substantial, and during the four years 
that have passed since that report was issued there must 
have been still further expenditure and resulting econo- 
mies both on lines and labour, bringing the total saving 
to the Western Union up to somewhere about 4 million 
pounds sterling. There is no doubt that printing- 
telegraphv is very- profitable to the telegraph administra- 
tions. It is also very profitable to newspapers and 
news-distributing organizations, and the stock-ticker 
service manages to pay its way in most countries. 
This paper also will have been written in vain if the 
start-stop printers do not render profitable service 
on a large scale ; but there is a law of diminishing 
returns in such cases, and the margin of cultivation may 
be taken as the employment of the start-stop ticker 
in the home. For stock and produce brokers, merchants 
and farmers, the teletype will undoubtedly render 
commercially valuable service for which it will be worth 
paying a substantial price ; but in the home the ticker, 
like radio apparatus, must be regarded as a luxury, and 
the extent of this particular market will depend on low 
prices and cheap maintenance. These are also important 
considerations in the more profitable markets already 
referred? to. In short, everything depends on the 
price. 

Reference has already- been made to the unprofitable 
vears of development work and the heavy expenditure 
incurred in producing these simple-looking little 
machines, the start-stop printers. Naturally the manu- 
facturers have to get their money back with a profit 
or go out of business, and the present selling price of 
these machines is therefore about £90 to £180, depending 
on the amount of apparatus and kind of service required. 
Not only has the production been expensive, but the cost 
of selling is high. The “ education of the market ” takes 
much time and money. However, with the increase in 
the numbers sold, the cost of selling as well as the cost 
of making will fall, and when the stage of mass production 
by tens of thousands is reached and orders run into 
thousands at a time, the prices will fall probably to 
about twice the cost of a typewriter of the better class. 
If the total sales ultimately go into the millions like 
typewriters, it is possible that the prices will come down 
to the typewriter level, and they will then find their 
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wav into the more prosperous homes, just as the portable 
typewriters are doing. Mr. G. M. Yorke, Vice-President 
in Charge of Engineering, Western Union Telegraph 
Company, New York, writing to me on the 1st May, 
1924, said: — 

“ We agree with you that one difficulty about the 
printing-telegraph business is the cost of the machines. 
We hope to get American manufacturers on a Eord-car 
basis within the next 5 or 6 years. However, on the 
whole, our regrets in connection with our printing- 
telegraph developments are small.” 


In conclusion, it may be of interest to ad 
official steps are already being taken to investii 
new telegraphy thoroughly under experime 
ditions, and, if the results are promising, iti'ji 
able that some form of practical trial will 1 
Fortunately, the new telegraphy lends itself re 
experimental laboratory trials with a couple 
10-line switchboards and a dozen start-stop ,:j 
and I anticipate that, as the result of this! 
experiments of this kind will before long be insi 
bv all the leading telegraph administrations. 'M 

M 


Discussion before The Institution, 18 December, 1924. 

Colonel T. F. Purves : Although I am not at . intelligence with a far smaller number of line : 
liberty to speak very freely on this subject, I should | than the telephone, but I think that his argume 
not like it to be thought that the Post Office does not i pages 248 and 249 — based on his Fig. 1 — go : 


feel the keenest interest in the proposals put forward 
by the author. I might say, indeed, that any sugges- 
tion from him on a subject of this sort would always be 
treated with the greatest respect, and, as he knows, 
steps are already being taken in a practical way with a 
view to giving his proposed method of communication 
a practical trial under the most favourable conditions 
that we are likely to find in this country. In that way 
I hope that before very long we shall have a certain 
amount of actual evidence to show to what extent the 
British public is prepared to support the proposal to 
provide a printing-telegraph switching system for 
personal use by subscribers. I rather emphasize the 
words “ British public " from a point of view that will 
appeal to those who have had occasion to study the 
viewpoints of different nations, or to compare their 
various degrees of responsiveness to publicity and 
advertisement, either private or governmental. I 
quite agree with the author that the great weakness of 
the telegraphs is lack of what he calls terminal facilities. 
On the engineering side his proposals involve many 
problems that will require much study in their economic 
realization, but in themselves they present no serious 
difficulties. The author describes enthusiastically and 
quite legitimately the large numbers of channels of 
communication that can now be obtained from a single 
telegraph or telephone line by modem methods of 
multiplexing or superposition. These methods have 
gone very far and will no doubt go further still in 
practice, but I should like to mention that another 
factor is also at work inasmuch as the scientific study 
of fine conditions and construction, and the application 
of repeaters, is reducing the cost of providing lines in 
great numbers between important traffic centres. The 
annual costs associated with multiplex telegraph and 
telephone apparatus are fairly high, and the point at 
which it is economical to provide additional lines and 
use simple self-contained apparatus is a shifting one. 
There may be some reaction in favour of not demanding 
from the line all the effective signalling speed of which 
it is capable, especially in connection with switching 
systems which are apt to become so complex in them- 
selves that the additional complexities of multiplexed 
channels are formidable. The author is quite entitled 
to claim, as he does, that the telegraph can transmit 


far. The telephone has to transmit over its line 
quency as high as 2 500 per second in order to j 
perly intelligible, and the equivalent telegraph i 
that line, at 7 impulses per letter, is 6 850 won 
minute. It seems too good to be true ! I 
the author is overlooking one thing which ;;|j 
alters the practical aspect of the comparison, 
is the respective efficiencies of the receiving appan 
in one case a telegraph receiving apparatus, 
other case the human ear. The power of the | 
ear to correct distortion and to transmit intj| 
signals to the brain is nothing short of mat} 
whereas only a slight amount of distortion will 
pletely upset a printing-telegraph receiver am 
its record into a mass of meaningless symbolg 
generally admitted that the telephone is'; 
adapted for the transmission of written messagi 
figures, but that disadvantage applies rather to,) 
by the public than to its use by practised expe| 
are accustomed to work together. It is gem 
slow and painful business to dictate a phonogl 
I have listened to the transmission of news ajj 
rapid conversational speed between London and 
on frequent occasions, practically without anj 
or any requests for repetition, and being take 
of course, in shorthand at the other end. LJih 
too, in the offices of busy stockbrokers who. hg 
transacting important business over the.r.hsjj 
and receiving figures and fractions at high S] 
the work has been going on with perfect fiafij 
no sign of any strain. I feel that one must 
the telephone in this respect. I think 
author is a little less than fair to the ] 
broadcasting market news by wireless r'i 
suggest that it is not very safe policy for : 
telegraph engineer to make light of such, 

I welcome the paper as a notable contributii 
the very desirable end of revivifying the 
service, which, both in this country and else 
been in danger of sinking into quite unde 
repute. As the author remarks, the need i 
printing instrument for the use of) rente 
wires between their offices and public tele 
has been felt for many years and is now-. 

The same instrument is excellently suited . 
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mmunication system, if such a system is wanted 

* a, 'the public. The “ start-stop ” feature, which has so 
' advantages, is perhaps not ideal for a switching 
<nJ ‘ ; t0 b e used outside of office hours. I question 
5 'hetlier many people would care to transmit important 
*nlidential messages without having received an inti- 
4 'ion that they had really been placed in communi- 
m 'tion with the office they required, and without any 
acknowledgment of receipt. I rather think that the 



-.. ir of having got connected to a wrong number, and 
, i -iving some useful information to a competing firm, 
would be a decided deterrent to the adoption of such a 
wcem. I am not impressed either with the suitability 
ol die printing-telegraph for sending and receiving service 
switching instructions, in spite of the attractions of an 
entirely " separate telegraph switching system with 
multiplexed lines, I think it would lie well not to rule 
out the idea of combining it with the general telephone j 
ivsteiu, which already provides a great and ever-growing i 
network of switching channels running everywhere, 
The new system of voice-frequency telegraphy makes 
it possible for the telegraph to be worked on any circuit 
that will carry a telephone conversation — with all its 
equipment of manual or automatic switchboards, 
transformers, loading coils and speech relays — and 
the facility of switching at will from the telephone 
instrument to the printing-telegraph, and vice versa, 
must prove a great asset. The telegraph instrument 
must, of course, be suitably designed and equipped 
from the signalling standpoint. Its line current must 
be kept very low in order to avoid interference with 
the telephone system, but that is a condition which 
must apply in any event, as telephone and telegraph 
conductors are now inextricably united in the new 
underground cable system of the country. I might 
remark also that the author's financial calculations as 
to remunerative rates, etc., refer to conditions which 
seem to approach a good deal closer to the ideal, in 
the matter of steadv and continuously sustained traffic, 
than is ever likely to be experienced. As regards the 
automatic switching of telegraph circuits, it may interest 
the author to know that a good manv years ago the 
question of converting the London intercommunication 
;. system to automatic switching was under consideration, 
*nd a system was designed (on paper) which would 
have met all the conditions. It was not proceeded 
with because it was then becoming obvious that the 
competition of the telephone would, in a comparatively 
: Short term of years, do away with the need for main- 
J“wng a telegraph switching system for the offices of 
^he London area. 

J- Newlands : The author says that the tele- 
paphs as we know them in this country are slow, 
and inefficient. From the commencement (in 
*hout 1846) the telegraphs grew like a tree and the 
efferent branches had to be interconnected. It is 
much too like a tree ; there are far too many 
erent transmitting points, and that is the real cause 
^this slowness and costliness. In the early days 
erent kinds of apparatus were taken over from 
® ten t companies, many of which have entirely dis- 
a.red. The single-needle system has practically 
e .out of the Post Office service, as also have the 
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acoustic needle, the A.B.C. and Bright s bell. We have 
here a paper the author of which tells us candidly 
that he thinks the day has come when the sounder 
also ought to go — that it has served its day and genera- 
tion, and has become more or less obsolete. I am 
inclined to agree with him, but we must remember 
that while the sounder is very cheap and easily pro- 
duced in large numbers, the present cost of the teletype 
is almost prohibitive. I quite agree with the author 
that there are too many circuits, and that the terminal 
facilities are at fault. What is the reason ? The 
apparatus is far too slow ; the operators were too 
slow ; many of them are still too slow. I tried for 
many vears to improve the rate of working by what is 
known as the “ average ” system ; but my efforts fade 
into insignificance compared with the author s sweeping 
recommendation to “ scrap the lot. As the telegraph 
business grew, the number of offices on a circuit had 
to be reduced to 3, 4 or 5. There are very- few circuits 
that I can recall which have more than 5. Now, if 
the teletvpe is so constructed that not 5 but twice or 
three times 5 offices doing a moderate amount of busi- 
ness can be put on a telegraph circuit, then its increased 
rate of working will enable a great many of the existing 
circuits to be grouped on to one teletype. aQ d in that 
way it will effect economies at transmitting offices. I 
think that is possible. The telegraph distribution 
system of this country will have to be totally revised 
if the teletvpe is to have a really good chance. If the 
sounder is to go, then I would suggest that the trans- 
mitting offices should be roughly- something as follows : 
London (with a wide area), Bristol, Norwich, Birming- 
ham, Nottingham, Sheffield, Leeds, Manchester, Liver- 
pool, Glasgow. Edinburgh, Aberdeen, Belfast, Dublin 
and Cork; that these larger places should be freely- 
interconnected, and that they should reach all the 
area around them. This would, I believe, greatly 
I reduce the number of transmissions to and from rural 
i localities, probably- to an average of two per message, 
j The author, in endeavouring to show how people 
sitting in their offices could be connected all over the 
world, refers to the question of a “ bottle-neck ” at 
the cable ends. Now, one of my- former operators, 
Mr. J. B. Heggerty, suggested a reversion to the old 
Umschalter switch such as is now used in Belgium. 
He proposed a system of joining through each telegraph 
office “ direct ” to any other office it required, each in 
turn. That is perhaps suitable in a country such as 
Belgium, where Antwerp and Brussels are within easy 
reach of’ the whole system, but Mr. Heggerty’s scheme 
was turned down for the reason that it is impossible 
to be continuously altering the length of a circuit. 
The author proposes to switch through direct up to 
5 000 miles. The faults which are inherent in onr 
telegraph system would, I think, condemn such a 
scheme as that ; there would be “ bottle-necks ’’ all 
over the country-. With' regard to a teletype exchange 
system for London, I do not think there is a real case 
for that at all. The author admits that the telephone 
is much better suited for sucb a populous city, where 
there is not a great deal of telegraph communication 
except between the head office and a business firm’s 
works. On the other hand, I think that if there is an 
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effective demand in the country for a teletype exchange J 
similar to . the telephone exchange, it ought to be 
attached, not to the telephone system, but to the j : 
chief or central telegraph office, which, in connection t 
with its phonogram room, should have certain wires i 
put apart. Let me take for illustration the most . 
central town in England. If there is an effective demand ; 
on the part of business men or stockbrokers or banks 
for a teletype exchange from London to Birmingham, . 

I think the department should put one good experi- 
mental wire at the disposal of the Central Telegraph 
Office and see what it can obtain in the way of business. 

I see great possibilities in the way of the simplification 
of telegraphy by the adoption of the teletype for 
speeding up the telegraphs. I see the prospect of great ■ 
economies on the part of the administration, especially 
if the cost of the teletype can be lowered, and, if the 
teletvpe apparatus can be made in bulk in this country 
and can be placed at the command of the Post Office, 

I think that it will make very rapid progress indeed. 

Mr. E. H. Shaughnessy: On page 254 the author 
says : “ The circuit facilities will be still greater when 
half a dozen wireless beams work across the Atlantic 
each at 300 words a minute.” I think that this is 
even more than wireless engineers null prophesy with . 
any degree of confidence : but on the next page I 
read that : “ Even if this were possible, there are the ■ 
inaccuracy of wireless, interference troubles and atmo- ! 
spherics, 'and there is no way of answering back. 

So that although he is looking forward to wireless to 
help him, at the same time he says that wireless is no ; 
-mod. When discussing costs, the author speaks of 
the rapidity with which this scheme will enable tele- 
graphy to be carried on, and on page 260 he says : 

” A great advantage that the telegraph possesses o\er . 
the telephone is that a telegraph message can be stored 
up at any point where there may be a bottle-neck, 
until its turn comes for transmission. This indicates 
that a fault of the present telegraph delay owmg to 
bottle-necks is even turned into an advantage in this 
method. The price of the teletype, or any form of 
start-stop printer, viz. £90 to £180 as given hy the 
author, must undoubtedly be reduced if the telegraph 
is to compete with the telephone. It will be a very 
serious position if a million subscribers are obtamed, 
in each of whose offices an instrument costing £100 
will have to be installed. First of all this would involve 
a capital expenditure of £100 000 000 for instruments 
alone, and I think that is the sort of development 
visualized by the author in 25 years’ time. 

Mr. J. E. Kingsbury : Reading the paper from the 
telephone point of view I have some doubt whether it 
will be possible to introduce his method in the way the 
author suggests. For the purpose of analogy I have 
compared the conditions with railway traffic, of which 
there are two kinds, passenger and goods. The 
passenger traffic we may consider as being of the first 
importance, and for the purposes of analogy we may 
call speech the passenger traffic and the written word 
the goods traffic. Now terminal facilities for goods 
traffic are usually regarded as a very expensive item, 
and only to be taken advantage of by those who have 
a great quantity of goods to despatch. Terminal 
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facilities from the point of view of the telegra; 
we must remember, suggested even earlier 
author records in his paper. Simply as a 
history I should like to remind him that i 
exchange system was that patented by D~ 
1851. It was there suggested that the teleg _ 
should be taken into the house or the office ; 
sender and the receiver. Now if the most is to 1 be 
of long-distance facilities the goods must be cci 
in detail, forwarded in bulk and distributed ul|] 
In a sense that is what is done by the tele 
to-day. The author suggests that better r 
be obtained only by forwarding direct from the, 
to the receiver. To my mind that is all a qu< 
cost and convenience. In the case of a line, 
of conveying the number of vibrations shown in,j5 
(which are adapted to the machines at either 
present used, but depend for the economic us©;.' 
line telegraphically on the multiplication of a m 
machines utilized by different people), ecp 
dependent upon the simultaneous require! 
number of people to use that line and in pra 
course, the requirements will not be simul 
The collection of goods at a central depot, fraqsg 
they would be forwarded in bulk to some oti 
buting centre, would enable more traffic to be 
from the line itself than would the general p 
of terminal facilities. On the other hand, 
be no question of the great advantage to c 
of direct telegraphic communication such as M 
proposes, but I would suggest that the syst 
be tried in the first instance in an independent? 
exchange. I think that if the teletype prffi 
added to the existing telephone system, th& t 
subscriber would strongly object to find that 
which was adapted for passenger service, js 
i monopolized for goods to the detriment of his 
i service. Again, the cost of the teletype £ 
i be so high as to justify the further increase^ 

■ to give it a separate fine. Therefore I thinBL. 
j author should amend his estimates by making^ 
j for a separate teletype exchange in order tx*g 

| svstem a fair trial. I’Sj 

I Mr. T. B. Johnson : I agree with the autn 
; there is a field for the extension of the teleg] 
work for which it is more suitable than the teg 
and I say that in spite of the fact that I am an 
siastic advocate of the development of''jffi 
and especially automatic telephony. The (Mg 
question is to what extent the business 
wants a written record. It is exceedingly^^ 
that transactions of such importance as 
on at every moment of the day, depending| 
on the word of the men at the ends of 
honoured and carried out, but still there is 
for a written record. Whether the start^n|jH 
would satisfy the requirements I am unabr<| 
but if thev will— and the author states that jPg 
transferred from a short to a long Unfr— thenffl 
that there is a field for them. Broadlykf 
, material is cheap and labour is dear ; and|| 
s save labour every day the cost of these i 
1 which will inevitably fall considerably asBj 
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extends, will not be a really serious bar. At the present 
lime there is far too much writing down of telegrams in 
different pi aC es. Take Leeds and Bradford, for instance, 
each of which cities has some smaller telegraph offices 
connected with it. A telegram from a place near 
Bradford has to be written down in Bradford ; it has 
to be transmitted in turn to Leeds and to the office 
near Leeds. Teletype exchanges at these two cities 
would save a good deal of transmission, and each 
transmission in addition to the cost also involves an 
additional risk of error. The author, in his estimates, 
has not tad- a sufficient account of the cost of labour 
jt the switching centres. In practice it would be found 
that the cost of switching of telegrams would be much 
snore than he anticipated, and telephone engineers will 
agree with me that the cost of switching, no matter 
what attemps are made to cheapen it, is always appre- 
ciable. It would, however, be much less than the 
present cost of writing down and re-transmitting. I 
do not agree with the author that farmers will take 
much advantage of the teletype machines ; the English 
farmer is much too conservative. It is very difficult 
to persuade him to take a party-line telephone ; and 
when some time ago the Post Office telephone autho- 
rities distributed weather forecasts from their rural 
exchanges, it was found that so few people wanted 
them that they have been practically discontinued. 
Another important point is that these machines must 
be so constructed as to require no adjustment at the 
subscriber's office. Although I do not think that the 
sounder will become obsolete, its use will continue to 
diminish and the tendency which there has been of 
late years to make the telegraphist either a typist or a 
mechanic will continue at an accelerated rate. The 
type printer is bound to supersede the sounder for the 
greater part. It is rather surprising — as showing the 
conservatism of the ordinary English user — to find 
how little the facilities which the telephone administra- 
tion does give in other directions are made use of. For 
instance, very few people take advantage of the system 
whereby a telegram may be addressed to a person’s 
telephone number, thus enabling the message to be 
telephoned from the main telegraph office and saving 
the time occupied in deliverv. 

Mr. A. E. Thompson : In view of the subtlety of 
the distinction which the author has drawn between 
e . telegraph and the telephone, the fact that the 
Ordinary business man with the telephone at his elbow 
°* es for much traffic that could be handled more 
| Jjjooooucally by the telegraph is not surprising, 
oubtedly the telegraph has suffered by the want of 
satisfactory connecting link between the user and 
-administration. Instead of being regarded as a 
ai means of communication, it is only used in 
erne necessity and it has thus become associated 
- vL "afli the active side of life but rather -with 
*°Phe. sickness and death. Telegraphy has thus 
become enfeebled. In comparing the relative 
bhssion efficiencies of the telegraph and the tele- 
■V- author states that when the word " Paris ” 
P°ken, 365 waves are transmitted, as against 
ves when the same word is telegraphed. This 
es tlla t only the fundamental frequency is trans- 


mitted in the case of the telegraph, whereas the square- 
shaped signals necessary for machine speeds axe built 
up from a number of harmonics. The importance of 
these harmonics is clearly illustrated by the “ com- 
posite ” system of superimposing. In this system the 
telegraph signals have to pass through a filter network 
having a fairly sharp cut-off at about 80 periods per 
second. It is not possible, however, to telegraph at 
this speed, and in practice the maximum speed obtain- 
able is between 20 and 25 periods, which is sufficiently 
low to permit the third harmonic to pass freely through 
the filter. A more direct, and more striking, illustra- 
tion of the admitted economy of the telegraph, from 
the line standpoint, is afforded by the Western Electric 
Co.’s “ voice frequency ” telegraph system. Take, 
for example, a 4-wire telephone circuit providing one 
speech channel in each direction. If the telephone is 
given up, and if the same line plant is then equipped 
at its terminals with the Western Electric system, 
from 10 to 12 independent telegraph channels can be 
obtained. Each of these channels may, in turn, be 
equipped with multiplex-quadruplex printing telegraph 
apparatus, giving a total of 40 to 48 message-channels, 
or a traffic-carrying capacity of approximately 1 200 to 
1 400 words per minute. If only two wires are available 
the traffic-carrying capacity is reduced to 600 or 700 
words per minute, but this is still considerably more 
than the telephone can handle. In the section dealing 
with teletype exchanges, the author states that 
the Bell Telephone Co. is starting to sell telegraph 
typewriter service to business men in Chicago, on 
similar lines to the Western Union. This may perhaps 
give the impression that leased wire telegraph service 
is a new practice in the United States, whereas the 
Bell Telephone Co. has, of course, been leasing printing 
telegraph facilities for a number of years past. The 
only new feature is that the Illinois Bell Telephone Co. 
of Chicago is now offering the teletype apparatus 
for use on its lines. With regard to the telegraphy 
of the future, a matter which requires some considera- 
tion if the telegraphs are to be linked up on an 
expensive scale is the establishment of a standard 
5-Unit code. At present three or four different arrange- 
ments of this code are in use in Europe, but investi- 
gation will probably show that the code used by the 
“ teletype,” the Murray multiplex, and the American 
multiplex and start-stop systems, is the most satis- 
factory from every point of view. When the 
administrations adopt a common 5-unit code, then 
with such developments as the simple typewriter- 
telegraph, the “ composite ” system, and the “ voice 
frequency " telegraph system, the author’s vision of 
the new telegraphy should soon be realized. As Mr. 
John Lee, the Controller of the Central Telegraph 
Office, so aptly states in his book " Telegraph Practice," 
“ The old mystery of the telegraph is breaking down ; 
the public is no longer to be separated from the 
organism by the fortification of a counter. The tele- 
graph system is no longer to find its bounds and limits 
in telegraph offices. It will penetrate into industry 
itself, it will link up all manner of industries with each 
other and with whatever centralizing bureau shall yet be 
evolved.” ; ' . 
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Major F. H. Masters : A previous speaker has j 
stated that the facilities available for telephone sub- ! 
scribers are not made use of, and complained that it was j 
difficult for the Post Office to advertise those facilities, j 
A body known as the Telephone Development Associa- 
tion has recently been formed, and it would appear that 
it should be part of their duty to advertise existing 
facilities. I should like to suggest to the author that 
some of the advantages which he puts forward for the 
teletype system could be obtained rather more simply 
by using the telephone in connection with the telegraph. 

Mr. W. J. Thorrowgood : A point of view which 
does not appear to have entered into the author’s 
calculations concerns the user of this apparatus. It 
has been said that the user of a telephone does not 
always know how to manipulate a receiver after he 
iias used it. If he is to use the teletype machine to 
any extent, I venture to say that the cost to him of 
learning how to use it will be very considerable. A 
man operating a typewriter at 40 words a minute 
must give Iris whole attention to the work ; whereas j 
if he speaks over the telephone he is thinking of what | 
he is saying, and he conveys a good deal by the way | 
in which he says it. The teletype writer to an ordinary’ ; 
user is not so comfortable to use as a telephone, and a j 
telephone lends itself so easily’ to business men that it ; 
seems to me that a teletype has no chance at all — 
certainly in view of the possible advances that can be j 
made in 25 years, the period mentioned by the author. | 
When calculating the number of words that can be 
sent by telegraph, or telephone, it must be considered 
chat the unit of telephone communication is not letters, 
words, or messages, but a conversation, which may 
consist of several messages, certainly not less than two. 

Mr. A. C. Brown : There is one thing which might 
very- easily alter our conception of the whole subject, 
and that is the “ Telephonograph.” That, of course, is 
not a new proposition ; it is quite possible now for 
telephone subscribers to have an instrument which will 
automatically start when a call is given from the 
exchange, and which will record the telephone message 
and deliver it up w’hen it is wanted. I fancy that a 
considerable use of such apparatus would enafcle a 
great many of the difficulties of switching to be avoided, 
and might possibly considerably affect the number of 
telegraphs required. 

Mr. J. S. Jones : The author appears to base his 
attack on the existing telegraph service in this country 
on two paragraphs which appeared in the Daily News. 
The first of these paragraphs, however, has no reference 
to the British telegraph service and the second is 
largely incorrect. The alleged system of telephoning 
express messages from one exchange to another has 
never existed and the subscriber at Norwood, far from 
having a new facility in being put through to the 
Central Telegraph Office, has in fact had that facility 
for 30 years. I do not think, judging from the evidence 
at the General Post Office, that the public is dissatisfied 
with the present telegraph service. The author thinks 
that there are too many circuits and I take it that he 
means that the Post Office does not take proper 
advantage of the devices which exist for superposing 
and multiplexing. Leaving reserve wires out of account. 


there are very few telegraph services in this.ci 
which require tw T o or more wires, for the, re 
multiplex working is in operation on all heavy.) 
Presumably the author’s view is that more co' 
done to cut down the number of physical circuS 
forming channels by’ multiplexing, or by the-j 
frequency method, and extending them by 
distance physical circuits — for example, by for 
number of such circuits between London and Bn 
ham and extending them to Nottingham, Mane 
etc. Such a method, however, has the great'; 
vantage of placing too many eggs in one baskier 
anv case, expedients of this kind could be 
very few routes in this country’. A system of| 
mitting centres as advocated by Mr. Newlands 
fact introduced in the British telegraph service'n 
three years ago. It had some effect in reducing 
number of re-transmissions of telegrams, but it 
not reduce the number of re-transmissions per : 
by 2, as asserted by Mr. Newlands, for the reasp 
the average number of re-tfansmissions per me 
actually 1-2. The author envisages the 
service too much as a business-man's serviced 
used by all sorts of people, and the number of j 
sending more than, say’, three telegrams a day k 
parativelv small. -V very few send large numb 
telegrams and the system of direct telegraph 
posed bv the author would be quite unsuitajj 
them. The author proposes the establishme 
telegraph sy’stem practically on the same line 
telephone service, but such a service would! 
the provision of three or four times as many 
channels as exist at present. There is unquest 
a field for teletype exchanges, but it is highly imprij 
that the possibilities of development are as < 
the author suggests. ■ HJ 

Mr. G. F. Findley ( communicated ): It would 
that in order to obtain a true vision a fore 
telephone development must be placed along 
forecast of the new' telegraphy. In view c 
achievements it is not necessary to consider. J 
Dhone development 25 years hence. I think^ 
development of telephony in the next 10 
make the present system appear very crud 
improvement in the telephone service pro 
the “ no delay ” conditions created within the 
"toll” area, between the Liverpool area' s 
Manchester area, between the Glasgow 
Edinburgh area, etc., and the advance in 
efficiency, manufacture, laying and maintj| 
telephone cables and, last but not least, 
made in the telephone repeater, force me tc 
a telephone development along the following?! 

(1) It will be possible at moderate ch 
between all large cities to mature with 
delay of 10 minutes and for calls between- to 
the vicinities of these large cities to enjoy 
standard of service. In fact, practically 
Britain should have a 10-minute service on 1 

(2) The maximum delay on a call from 
Aberdeen (a through call) should not exceed 2Q 

(3) The telephone will become as vital 
light and power, water, etc. 
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•\s the natural way to communicate with one another 
jj to talk, I am unable, in view of my vision of the 
telephone development, to realize how the author’s 
scheme can live. There will be no necessity to “ tele- 
type ” when one can " teletalk ” without delay and for 
a moderate charge. Where documentary confirmations 
are essential — and I am of the opinion that with the 
advance of telephone education these confirmations 
will be very few — the post will be sufficiently speedy. 
Tlte author appears to have overlooked also the ease 
of correction by telephone as compared with teletype, 
especially simplex teletype, working. He says that, 
with the new telegraphy, telegraph instrument rooms 
will be deserted, as they will become switching centres 
and the stability of circuit conditions will be established. 
At present, it would appear that every circuit is worked 
under different conditions and that any scheme which 
embodies the word " economy ” a sufficient number of 
times is given prominence and a trial. I think that one 
of the real planks of economy is efficient standardization 
and mass production, which will cheapen the article to * 
the consumer. With simple apparatus such as the 
telephone and a straightforward issue, viz. “ The 
required persons to talk,” a delay of 60 seconds is 
experienced on long-distance calls, after the subscribers’ 
telephonists have answered, before the required persons 
commence talking. I can see a considerable increase 
to this delay before " the required persons can type.” 
Therefore in all the circumstances — the main being the 
development of the telephone — I cannot see the 
necessity to “ teletype ” when one can “ teletalk ” 
with efficiency and economy. 

Mr. T. E. Herbert (communicated) : The first two 
parts of the paper may be described as an extension of 
a paper * read before the Institution of Post Office : 
Electrical Engineers at Manchester on the 3rd March, 
1924. In general, the conclusion arrived at in the j 
paper quoted is the same as the author’s, viz. that the 
time has arrived when some form of automatic switching : 
must be adopted. The telegraph ought to be the cheap, ! 
Speedy and democratic method of conveying messages 
which cannot suffer the delay of the ordinary post, j 
The cost of the telegraph plant is necessarily much less j 
than that of the corresponding telephone plant required ! 

. to convey a message over a moderate distance. If the 
: Plant or capital charges of telegraphs are compared 
I Jr*'* 1 tru nk-line capital charges, it will be found that 
'<■ e latter are much heavier. The net receipts from 
egraphs are higher than for telephone trunk lines, 

I y et: the former consistently register a loss and the 
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» - er a P r ofit. The operating costs, including the cost 

eIlver y of messages, are very high. By eliminating 
ye re-transmission of messages, not only is the cost 
need but greater expedition is secured. It is, of 
e - a matter of opinion as to whether the business 
• Umt y can make use of a quick telegraph service, 
tonrl 1S certa * n that present-day business could not be 
»__!] uc tcd without our present means of rapid corn- 
et tt Cat ' 0n an< ^ transport, mechanical and electrical. 
* ref °re seems reasonable to suppose that increased 
» 1 y has a definite monetary value, and it scarcely 
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seems idealistic to suppose that in time greater expedi- 
tion in business arrangements will become, not a luxury, 
but a necessity. This greater rapidity will have to be 
paid for, but if the results are commensurate the extra 
cost of telegraphing letters as compared with the 
ordinary post will assume very minor proportions. The 
telephone trunk conversation is regarded as essential 
for personal communications and personal discussions 
of urgency, and from the enormous use made of trunk 
lines it is clear that this aid to business is fully appre- 
ciated. The interruptions by telephone-calls on rela- 
tively minor matters are, however, sometimes serious 
and would be avoided by the use of a telegram — the 
caller has not to obtain a telephone connection, nor is 
the called person interrupted in his occupation of the 
moment. The telegram is received and dealt with in 
the called person's office, and the consultation which 
may be necessary for the reply is effected in the least 
possible time, since all the data are available when the 
matter is to be decided. All this, however, postulates 
a service which is cheap and extremely rapid. Close 
and careful investigation is called for, and from the 
large number of papers on the subject of telegraphs 
now appearing in various technical publications, and 
from discussions by telegraph and telephone societies, I 
think it is certain that the problems can and will be 
solved — to this end the author has contributed a most 
valuable piece of constructive criticism. On page 247 
he states that it is hopelessly idealistic to suppose that 
the telegraphs have value for short distances. It is 
by no means certain that the value of the written 
record and the avoidance of interruption to, and by, 
important executives has no recognized value. In the 
event of the main telephone exchange in a town or 
city being destroyed by fire, the telegraphs would serve 
to mitigate the disaster since there would be no difficulty 
whatever in providing a relatively large traffic-carrying 
system at short notice. The restoration of the exchange 
would necessarily occupy weeks or months, according 
to the size and nature of this damage. The “ engaged ” 
difficulty referred to on page 259 could be met in yet 
another ^way. The message might be received on a 
receiving perforator allied with a transmitter which 
would seize a waiting point for the line required and, 
when this was free, proceed to transmit the message. 
The point to be appreciated is that this machinery 
standing idle waiting to re-transmit the message saves 
human labour, and it is the cost of such labour which 
necessarily keeps up the cost of telegrams. I am 
disposed to think that special circuits for telegraphs, 
rather than the joint use of local subscribers’ lines save 
for very small users, is the most probable development. 
The failure of the London intercommunication switch 
is not a valid argument against the suggestions now 
made. It depended on manual switching and on the 
skill of morse operators at small offices. Also, it seems 
possible that the area served by each office for delivering 
messages was too small for economical operation. The 
first step (p. 264) should, I think, be in the direction of 
providing an automatic switching system such that no 
manual re-transmission of messages should take place 
between telegraph offices. In conclusion, I am by no 
means in agreement with the author’s suggestion that 
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telegraph clerks will disappear. It will be precisely as 
with automatic telephone exchanges where a large 
number of women are always necessary for special 
switching, accounts work, and many other duties. So 
with telegraphs, a large staff will always be required 
and if the volume of the work increases under the new 
conditions I think it more than probable that the 
functions of the staff may be changed but that great 
displacement will not occur. 

Mr. Donald Murray [in reply) : I am glad the 
Institution has given me so much liberty in the prepara- 
tion of this paper, because I might have been asked, 
quite fairly, to make it more technical in tone and sub- 
stance. In view, however, of the importance of 
attracting public attention to the idea of teletype 
exchanges, it would have been unfortunate if any 
restriction had been imposed on the popular journalistic 
method of presentation that I have adopted. Technical 
men would also have been justified in complaining of 
the length of the paper ; but it has been well said by 
Sir Oliver Lodge that “ effective exposition cannot be 
done crisply and compactly." For these and other 
reasons I expected a good deal of adverse criticism, 
and I have therefore been agreeably surprised at the 
very friendly tone of the discussion and the considerable 
degree of approval given to the scheme advocated in 
the paper. 

It is most encouraging to hear from Colonel Purves 
that the British Post Office is keenly interested in the 
proposals which I have put forward, and that steps 
are being taken to investigate the scheme with a view 
to giving it a practical trial. I am also glad to hear 
from the Engineer-in-Chief of the British Post Office 
that on the engineering side the scheme presents no 
serious difficulties, and that it is essentially an economic 
problem. That is a point upon which I have laid 
emphasis in the paper, and I am glad to have it con- 
firmed by so high an authority. Colonel Purves makes a 
good point about the relative efficiencies of the receiving 
appliances in the case of the telephone and telegraph, 
in the one case the enormously sensitive and intelligent 
human ear, and in the other case inanimate and^com- 
paratively insensitive telegraph apparatus. My reply 
is that vacuum tubes now far exceed in sensitiveness 
the human ear, and that there is no reason why all 
the telephone methods (including vacuum tubes) should 
not be applied to telegraphy. It is a physical impossi- 
bility to avoid the consequences of the facts displayed 
in Fig. 1. In any case the margin of about 100 to 1 
in favour of the telegraph and against the telephone is 
so great that heavy discounts can be allowed in respect 
to points such as that to which Colonel Purves has 
referred. 

Another point made by Colonel Purves is that he is 
not impressed with the suitability of the printing-tele- 
graph for sending and receiving service switching 
instructions, and he is evidently not prepared to shut 
out the possibility of combining the teletype and tele- 
phone, switching from the one to the other at will. 
I am glad to hear that, and two French inventions appear 
to make it practicable to work start-stop printers 
through ordinary telephone exchanges in conjunction 
with telephones. 


| The criticisms by Mr. Newlands are also very 
j I agree with him that the present cost of staxi 
| printers is far too high. It is a new industry, he 
; and the preliminary expenses have been heavy: 

; the industry begins to pay its way, prices will com 
i That has been the experience in all industries 
! very encouraging to have the opinion expressed by 
: Newlands that when prices come down, as 
of bulk manufacture of start-stop printers in tl 
these machines will make very rapid progress 
ilr. Newlands refers to what I have called “ bot 
—points where telegraph messages accum 
have to wait their turn. That, of course, woi 
direct communication ; but the telegraph 
present is full of bottle-necks, with consequei 
and waste of labour in writing down telegrams;’ 
is one of the attractions of the printing-tel 
exchange idea that it will greatly reduce the numt 
bottle-necks, and possibly in time abolish thenriffi 
gether. 

I admit that to work over 5 000 miles 
teletype is rather idealistic under present co: 
but it is not impossible, because the Westei 
Company is working six multiplex installatioi 
telegraph wires right across the American con 
distance of about 3 300 miles. Each of these 
carrying 100 words a minute simultaneously 
direction. Under these circumstances, to wc 
teletype at 40 words a minute over 5 000 miles pw 
no technical difficulty at all. In fact, on 
miles long it will be easy to have two teletype cfia 
simultaneously in each direction on one wire, at 
eight times cheaper than the telephone, even.i 
telephone could work over such a distance with no 
costly technical apphances than the telegraph, a 
that it certainly cannot do. 

The points raised by Mr. Shaughnessy are aIso| 
Certainly the price of start-stop printers will I 
come down very much before there can be an 
extension of their use ; but the present high pri 
the main factor that will render it possible by | 
to get the price down to a point much below the p: 
rate. Capital must be accumulated to makeS 
manufacture possible, and the manufacture o£| 
machines must first reach the remunerative^ 
That condition has not yet been fulfilled. sjff 

Mr. Kingsbury’s remarks are specially Inti 
because they express the telephone point of vie 
analogy with passenger and goods traffic on rain 
illuminating and is rather adverse to theAb 
exchange scheme, though he agrees that it is a q 
of cost and convenience. It is very instru) 
hear that the telegraph exchange plan was pat 
far back as 1851, because it is remarkable to n 
many good ideas have been published and ft 
long ago, the time not having been ripe for 
my paper I have taken the same line as Mr. 
in favouring separate teletype exchanges 
a point about which there appears to be consid 
difference of opinion, especially in view of the tw 
inventions to which I have referred and in yi 
wonderful capabilities of vacuum valves. 

One point mentioned by Mr. Johnson is th 
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>«tain!>' makes it difficult to apply the duplex balance 
e *vcry instance ; but in the case of simplex working 

■ no more difficulty in switching the teletype 
| short to long lines than in the case of the morse 

lev and sounder. I am glad that Mr. Johnson draws 
, .jiention to the waste of labour, inevitable under the 
«re>ent system, of writing down telegrams and rewriting 
jhetn several times. That is one of the strong points 
• jg favour of the teletype exchange. As for the cost 

■ of labour at switching centres, referred to by Mr. John- 
gue, it seem.- to be not unlikely that automatic tele- 
phone exchange machinery will take care of this diffi- 
caltv. 

An important point was raised by Mr. Thompson 
about my comparison of telephone and telegraph 
- -signalling in Fig. 1. The harmonics giving practically 
: square-shaped telegraph waves certainly would reduce 
. the ratio of 365 : 21 ; but telegraphy with the funda- 
, taental frequency only' and without any' serious ad- 
' mixture of upper harmonics is possible, and has indeed 
been advocated by Rowland, Squier and others. In 
any case the number of different harmonics in line A, 
Fig. 1, must of necessity' be very large, and line D makes 
tame approach to one fundamental frequency. The 
unavoidable difficulty, so far as telegraphy' is concerned, 
appears to me to be not harmonics but the changes of 
phase in the waves, which have to be made in order to 
transmit signals, because a pure sine-wave alternating 
current cannot transmit intelligence. For instance, in 
line D (Fig. 1) a half wave has been suppressed at P, 
ji thus throwing the succeeding waves completely out of 
: step. In the next letter. A, a half wave has been re- 
versed from negative to positive. These changes 
of phase cannot be good for telegraphy' when filter 
ttethods are employed ; but telegraphy is impossible 
without either such changes of phase or changes in 
Sinplitude. Experience has shown that the latter are 
inadmissible, so we are left with changes of phase as 
the only practicable method of telegraphy. Just what 
effect this has on the comparison in Fig. 1 I do not 
J~° w '• the facts mentioned by' Mr. Thompson 

, ?~ c . ate that it may be considerable. The figures given 
m ’ m re ° arc ^ tkc number of channels into which a 
telegraph wire can be split up by the Western Electric 
_ • s methods, are astonishing and confirm the argu- 
ts in the paper. Mr. Thompson raises another 
<? 0rt;ant P°iut, namely, a universal 5-unit telegraph 
That is a matter which will have to receive the 
fetur^ l ° n telegraph. administrations in the near 

^Major Masters, in suggesting that the telephone-tele- 
F, combination would give some of the advantages 
I have put forward for the teletype exchange 
m a more simple manner, appears to me to 
overlooked the economic consequences of Fig. 1 
e saving in labour in telegraph offices by the 
,® combined with teletype exchanges. That is 
®binat^ ac ^ everrlen ' by the telephone-telegraph 

Usin^ 0rr °" ®° 0< ^ raises the point about the difficulty 
: § the teletype, compared with the telephone. 

me ^Sument applies to the typewriter. Business 
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men do not use typewriters : they dictate their letters 
and telegrams now, and the only change will be that 
j they will dictate more telegrams and fewer letters, and 
| their typists will be as expert on the keyboards of the 
teletypes as they are now on the same keyboards of 
typewriters. 

Mr. Brown’s suggestion about combining the phono- 
I graph with the telephone is unfortunately not prac- 
: ticable, and it also disregards the economic consequences 
of Fig. 1. 

Mr. Stuart Jones pointed out that the first newspaper 
paragraph quoted by me does not apply to the British 
telegraph system. In reply I may point out that my 
paper deals with telegraphy throughout the world, and 
not only with the British and one or two other tele- 
graph services which are relatively good. I am sorry to 
say Mr. Stuart Jones is right in asserting that the British 
public (and, I may add, also the American) are not 
dissatisfied with the telegraph service. My point is 
that they ought to be, and my paper has been written 
to inspire the public with a little divine discontent on 
the subj ect. I want to galvanize the public into demand- 
ing something far better not only for themselves but 
also for the telegraph administrations. 

Mr. Stuart Jones makes a good point about the 
danger of putting all one’s eggs into one basket ; but 
the risk depends on the kind of basket. Underground 
circuits are wonderfully reliable and weatherproof. As 
I have pointed out in reply to another speaker, it is 
not business men but their typists who will do the 
telegraphing. 

Mr. Findley, like several other speakers, has con- 
centrated his attention too much on England. I wrote 
for the world and not only for Great Britain ; I took a 
cosmopolitan view. Several speakers expressed doubt 
about the farmer ever using the teletype. Mr. Johnson, 
for instance, said that English farmers are too conserva- 
tive to use the teletype ; but if he will refer again to 
pages 254 and 255, he will find that I expressly exempted 
the British farmer and mentioned farmers in other parts 
of the world, particularly in America, as probable very 
largp users of the teletype. Again, a careful study of 
the' economic consequences of Fig. 1 will show Mr. 
Findley the need for teletyping, in spite of our being 
able to teletalk with efficiency and economy. Distances 
are short in Great Britain, and there is no reason why 
Mr. Findley’s visions of a greatly improved telephone 
service in this country should not be realized ; but 
the great new countries of the world, the United States, 
Canada, South Africa, Australia, Russia, Siberia and 
South America have very long distances, which make 
the economic consequences of Fig. 1 very important 
indeed. 

I welcome the support given to my forecast of tele- 
graph development by Mr. Herbert, whose paper was 
most suggestive. It made no mention, however, of the 
idea of getting every business man to do his own tele- 
graphing, just as he does his telephoning, direct to his 
correspondents through teletype exchanges. That is 
the essence of my paper. Mr. Herbert stresses the fact 
that it is the cost of labour that makes telegrams costly.. 
Obviously the remedy is to abolish the costly labourers — . 
the middlemen workers — and transmit and receive tele- 
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1 is put through, and it seems likely that 
be sent by the teletype through exchi 
yped ready to be sent through on piie 
y last for 10 or 12 minutes. In that tha 
pists would easily exchange 500 words bel 
;s 1 000 miles apart, and on a line equ 
duplex balance the number of words cor 
1 000. This method of working would gi 
the efficiency of the teletype exchanf 
g the ratio of profitable working time com 
time spent in getting connected. .• 


THE PREDETERMINATION OF THE PERFORMANCE OF INDUCT] 

MOTORS.* 


By D. B. IIoseason, Associate Member. 

I Pipit first received 1st September, and in final form 23 rd October, 1324.) 

Table of Contents — continued. i.|j 

(4) Induction-motor performance curves. . 

(a) Power factor. _ M 

(b) Correction of power factor for iron lc>s 

(c) Correction of overload capacity. 

(, d ) Correction for short-circuit current^ 
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(I) Introduction. 

It has often been pointed out that by usi 
graphic method of “ inversion,” or the exact, 
matical method outlined by Steinmetz, the perfc 
of induction motors can be predetermined 
accuracy than by using more common method 
labour involved, however, in using either sysl 
so far prevented their adoption in the engineer 
design departments of most firms. _ - ^ 

The circle diagram in its simplest form is pas 
constant value of magnetizing current from|| 
to synchronism and also takes no account of tp< 
in phase angle between the mutually induced 
in the primary winding and the applied voltaf 
calculation of the performance of a motor on 
of this simple circle diagram can be easily- awj 
carried out and has already been reduced to tM 
tion of a number of well-known formulae. v$jj| 
The method here suggested for predeternu 
performance of an induction motor is anJO 
+n obtain the accuracy of the more involved. 


The accuracy with which the performance of induction , 
motors can be forecast in actual practice has not yet reached ; 
that attained in connection with other types of machines. | 
An indication of this lies in the recognized tolerances on 
guarantees, especially those on power factor. The inac- 
curacies do not arise from ignorance of the conditions on 
the designer’s part but rather from lack of time to take 
into account all the factors. 

This paper is intended to describe a quick yet accurate 
means of predetermining the performance of induction 
motors. A group of accurate formula: is developed on the 
basis outlined by Steinmetz and is given alongside the 
corresponding approximate formula: which have hitherto 
been much used on account of their simplicity. Curv 
are then drawn showing the difference between the results 
given by the two groups of formula:, the ratios being expressed 
as correction factors. It is thus possible to obtain results 
approaching the accuracy of the more involved systems of 
calculation, by using the simplest formulae and applying the 

appropriate correction. 

Finally, two examples are given indicating the accuracy 
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